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Map Of The Semiconductor Industry 


Semiconductor Companies 


Worldwide semiconductor sales amounted to more than $270 billion in 2007. Figure 1 lists the world’s 
largest semiconductor companies by 2007 revenue share. 


Figure 1. The World’s Largest Semiconductor Companies By Revenue Share (2007) 
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e The semiconductor industry as a whole is somewhat fragmented. The top ten companies make up slightly 
less than half of total semiconductor sales. However, the industry contains several quite distinct 
segments, of which many semiconductor companies focus on just one or two. As a result, there are a 
number of major segments and sub-segments in which there are just two or three primary competitors. 
We discuss this in more detail further on in this report. 


e Intel is the largest semiconductor company, accounting for 12% of total semiconductor sales. The bulk of 
Intel’s business is related to the computer end market, with Intel being the market leader in 
microprocessors. 


e Samsung is the second-largest semiconductor company, with 7% of total sales in 2007. However, 
semiconductor sales make up about one-fourth of total sales for Samsung Electronics. Memory, as in 
dynamic random access memory (DRAM) and NAND flash, accounts for 65-75% of Samsung’s 
semiconductor revenue. 


The largest semiconductor companies typically manufacture their own products. However, there is another 
group, known as the fabless companies, which design their own chips, but have other companies, known as 
foundries, manufacture these chips. Figure 2 shows the largest fabless companies by 2007 revenue share. 
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Figure 2: Top Fabless Companies By Revenue Share (2007) 
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Source: Global Semiconductor Alliance (GSA), Wachovia Capital Markets, LLC 


e Qualcomm, a producer of semiconductor chips for wireless handsets, is the world’s largest fabless 
company, with an 11% revenue share. One of Qualcomm’s largest competitors, Texas Instruments (TID), 
has a mixed manufacturing model. While TI does a substantial amount of its own manufacturing, it also 
outsources some chip production to the semiconductor foundries. 


e Nvidia, a primary player in the graphics chip market, is the second-largest fabless company, with an 8% 
share of total fabless revenue. 


e Broadcom and Sandisk are tied for third place, with 7% share each. Broadcom is a producer of a wide 
range of communications chips. Sandisk is unusual for a fabless company in that it competes in the 
memory market (NAND flash) against competitors that mostly do their own manufacturing, though 
Sandisk does have manufacturing alliances (with Toshiba, for example) and gets actively involved in 
developing NAND manufacturing technology. 
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Types Of Semiconductors 


Figure 3. Types Of Semiconductors (2007) 
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Semiconductors can be divided into three broad categories (see Figure 3): 


e Integrated circuits (IC). ICs are semiconductor devices (chips) on which an entire electrical circuit is 
created. Eighty-five percent of all semiconductor sales are of integrated circuits. ICs are used for most 
electronics applications in which semiconductors are needed. The price of an integrated circuit can range 
from tens of cents to several thousand dollars, with the average price of an integrated circuit currently 
running at about $1.45. Most of our discussion in this report will be centered on ICs since they account 
for the bulk of the industry and most of the major semiconductor companies are primarily IC companies. 


e Discrete semiconductors. Discrete semiconductors are single semiconductor devices (as opposed to 
integrated circuits, which are made up of several devices all connected together on the same chip). 
Discretes are used in many electronic applications, but one important use of discrete devices is in 
managing electric power. Prices for discrete semiconductor devices range typically from a few cents to a 
dollar a more, with the average price for a discrete being $0.05. Discretes account for 8% of total 
semiconductor sales. 


e Optoelectronics and sensors. Optoelectronics can be used to generate light (e.g., for displays, for traffic 
lights, lasers for communications) or sense light (e.g., in digital cameras). Generally the technology used 
to make optoelectronic devices is different from that needed to make integrated circuits or what we have 
defined as discrete semiconductor devices, and so there is, for the most part, a different set of companies 
that participates in this segment. Sensors are used to sense temperature, pressure, acceleration (e.g., to 
activate the airbag in a car), and other things. As with optoelectronics, this is a fairly small segment of 
semiconductors with its own somewhat unique set of participants. We do not discuss optoelectronics or 
sensors further in this report. 


We discuss the various types of semiconductors in more detail further on in this report. 
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Semiconductor End Markets 


Figure 4. Semiconductor End Markets (2007) 
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Figure 4 shows semiconductor sales by end market. 


Personal computers (PC) account for one-third of all semiconductor sales. Together with “other 
computing,” computing as a whole consumes about 40% of all semiconductors (2007). Although the 
computing market may have slower growth potential than some of the other semiconductor end markets, 
it remains very important. Computing tends to require leading-edge semiconductor technology, 
especially in microprocessors and memory (DRAM). 


Wireless communications (mostly wireless handsets) account for a little less than one-fifth of 
semiconductor consumption, but are a high-volume segment, as more than 1.1 billion wireless handsets 
were shipped worldwide in 2007. Wireless handset units are currently growing in the 15-20% per year 
range, and we think that as handsets get more sophisticated, there may be good opportunities for 
increasing semiconductor content per handset. 


Over the past few years, there have been new consumer electronics devices (e.g., digital cameras and 
Apple’s iPod) with high semiconductor content. We expect the development of high-semiconductor- 
content consumer devices to be an ongoing driver for this segment of semiconductor demand. In 
particular, we expect consumer electronics to become an increasingly important semiconductor end 
market. 


Increasing semiconductor content is also a driver for semiconductor growth in the automotive end 
market. Semiconductor applications in cars include sensors (e.g., every airbag has a micromechanical 
semiconductor sensor that triggers on the rapid deceleration that occurs in a crash), microcontrollers 
(e.g., antilock brakes), wireless (e.g., the signal that tells the car to lock its doors), electronic power (e.g., 
the drivers that lock and unlock the doors), and displays (e.g., dashboard lighting). With the growing 
popularity of on-board navigation systems and TV monitors, we expect semiconductor demand to be 
lifted by the technological evolution of the automotive industry. 
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Semiconductor Industry Dynamics 


In this section we use worldwide IC data to discuss semiconductor industry dynamics because ICs account for 
the bulk of semiconductor sales and most of the semiconductor companies of interest to us sell ICs. Overall 
growth of semiconductors, including discrete components, optoelectronics, and sensors, has for the most part 
been lower than growth for ICs alone in the past, and we expect this trend to continue. In 2007, worldwide IC 
sales amounted to $218 billion and growth was 4% yr/yr, while total worldwide semiconductor sales were 
$256 billion and growth was 3% yr/yr. 


Growth 


Figure 5. Worldwide Semiconductor Sales With Growth Trends 
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Source: Semiconductor Industry Association, Wachovia Capital Markets, LLC 


Figure 5 details total worldwide semiconductor and IC sales in dollar terms on a log scale in order to show 
the long-term growth trend. Figure 6 shows IC data on a linear scale. 


e Semiconductor sales grew at a rate of about 16% per year from 1980 to 2000, with IC growth 1-2 
percentage points per year above this. The IC growth rate is slightly above the total semiconductor 
growth rate because discrete devices and optoelectronics tend to show less growth than ICs. Over the 
decades, there has been some amount of movement toward integrating one or more discrete components 
into an IC. Also, the opportunities for improving mix to higher-priced products are more limited for 
discrete semiconductors than for ICs. 


e Although there is, we think, a widely held belief that there was excessive buying of technology-related 
goods in 1999 and 2000, the graph does not show semiconductor sales above the longer-term trend line 
in 1999 or 2000. 


e Following the severe downturn in 2001, semiconductor sales in dollar terms remain far below the trend 
line we have drawn to fit the earlier period, and more in line with the later trend of 12% per year growth. 
Discretes make up a far smaller portion of total semiconductor sales today than in the 1980s, and so IC 
sales growth is close to total semiconductor sales growth today. 
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Figure 6. Total Worldwide IC Sales (Three-Month Rolling Average) 
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Source: Semiconductor Industry Association, Wachovia Capital Markets, LLC 


In Figure 6 it can be seen that semiconductors have been improving steadily from trough levels since 
early 2002, though sales did not exceed year-2000 highs until the end of 2005. 


e The seasonal pattern can be seen in Figure 6. Prior to 2005, semiconductor sales were usually down in 
the first 2-3 months of each year following a December high, but then rose sharply throughout the rest of 
the year. In late 2004 and early 2005, an inventory correction suppressed chip sales, with a seasonal 
recovery taking hold only in Q3. However, in 2006 and 2007, chip sales followed a similar pattern, with 
relatively flat month-to-month sales in H1, followed by rising sales in H2. 


e The Semiconductor Industry Association (SIA) data also show a month-to-month seasonality within a 
quarter, with shipments in the last month of each calendar quarter being significantly higher than 
shipments in the first month of the quarter (we have smoothed this out in the graphs presented here by 
using a three-month rolling average). We believe that this does reflect real business patterns at chip 
companies, though we wonder whether the extent to which sales swing through the three months of the 
quarter may be in some cases exaggerated by the way companies report shipments to the SIA. 


An interesting picture emerges when we look at worldwide semiconductor unit shipments as opposed to sales 
in dollars. 


e Total semiconductor unit shipments have always been significantly higher than IC unit shipments 
because of the large number of low-priced discrete chips that are sold. The financial community often 
looks at semiconductor unit shipment trends to make decisions about semiconductor stocks (and 
semiconductor equipment stocks in particular). We think that it is important to look at total unit shipment 
trends, but we normally quote and discuss IC shipment unit data, not total semiconductor shipment 
numbers. Discrete semiconductors have an average selling price (ASP) of about $0.05, versus the IC 
ASP of close to $1.50. Therefore, discrete semiconductors account for a far larger percentage of unit 
shipments than their proportion of economic value to the semiconductor industry. Also, the 


manufacturing equipment needed to make ICs is far more expensive and sophisticated than that needed 
to make discrete semiconductor devices. 


e IC unit shipment growth has averaged 10% per year for more than two decades, from 1985 to mid-2008. 
Unit shipments for ICs grew at a rate of 10% per year from 1985 to 2000, 6 percentage points less than 
growth in sales in dollar terms. This implies pricing expansion during this period. 


e As with sales in dollars, the years 1999 and 2000 do not appear to be years of excessive buying of 


semiconductor product in unit terms, although the unit shipments are in slightly higher percentages than 
the long-term trend of 10% per year. 
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e In contrast to semiconductor sales in dollar terms, while unit shipments did drop sharply in 2001, the 
recovery from 2002 to 2007 has pulled unit shipment levels back to the longer-term trend line 
extrapolated from 1985 to 2000. There has been a consistent trend of unit growth from 1985 to 2007, 
which shows no obvious signs of slowing. This implies that the apparent slowing of semiconductor sales 
in dollars over the past few years is associated with pricing. We analyze this in more detail in the next 
two sections. 


We conclude that there is good reason to expect that the semiconductor industry should continue to achieve 
IC unit growth of 10% per year. We expect this growth to be driven by a combination of solid unit growth in 
the major semiconductor end markets, as well as increasing semiconductor content in a number of key 
markets such as wireless handsets, consumer electronics, and automotive electronics. 


As we discuss further on in this report, integrated circuit growth from the late 1980s to 2000 was driven by a 
combination of unit growth and pricing expansion (mostly driven by a mix of a higher proportion of higher- 
priced chips rather than an increase in prices per se). We believe that the unit growth dynamics of the 
semiconductor industry remain intact, but it is less clear to us that the incremental growth associated with 
pricing expansion will help in the future to the extent it has in the past. We believe that the very poor 
semiconductor sales of 2000-02 were anomalous, a reflection of weak global economic conditions. We think 
that over the next few years the semiconductor industry will be able to demonstrate ongoing secular growth in 
the 10-12% per year range overall, made up of 10% unit growth with modest ASP expansion. For integrated 
circuits, we believe the long-term growth potential is slightly higher, in the 10-15% per year range. This 
represents a modest slowdown from the 16% per year growth that the industry saw from 1980 to 2000. 


To put the IC growth trends into context, in Figure 7-9 we show worldwide shipment data for PCs and 
wireless handsets, the two main semiconductor end markets, which together accounted for more than half of 
semiconductor consumption in 2007. 


Figure 7. Worldwide PC Shipments 
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Source: IDC and Wachovia Capital Markets, LLC 


e PCs were a major growth driver for semiconductors from 1990 to 2000, with PC unit shipments growing 
in the 15-25% growth range through the decade. This is substantially higher than the 10% unit growth of 
semiconductors. 


e PC sales show a clear seasonal pattern, with the second half of each year typically being significantly 
stronger than the first half. March-quarter shipments are always down sharply from those of the 
preceding December quarter, and June-quarter shipments tend to be comparable to, or down from, 
March-quarter shipment levels. September-quarter sales are usually up sharply from June-quarter sales 
and there is usually an even bigger jump in sales from September to December. 
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e Unlike semiconductors, there is no obvious cyclical pattern to the PC industry. PC sales grew steadily 
from 1990 to 2000, while growth stalled (but did not decline significantly) from 2000 to 2003 as sales 
were affected, we believe, by global economic weakness. From 2004 onward, PC growth has resumed at 
a fairly steady pace, dropping off slightly in 2006, but resuming in 2007 and H1 2008. 


e As with semiconductors, we believe that there is a widely held belief in the investment community that 
in 1999 and 2000, there was excessive buying of PCs. We think that the data do not show an excess 
buying. PC shipments in the 1999-2000 period were more or less on trend. After three years of relatively 
flat shipments (2000-03, when business was suppressed by weak worldwide economic conditions), PC 
growth picked up considerably. We believe that worldwide PC unit shipments can grow at a rate of 
12-15% per year over the next several years. 


e Currently, an average PC might contain a microprocessor that sells for $50-150, supporting chips (the 
chipset) that sell for $20-30, and DRAM valued at $50-200 (DRAM prices can vary hugely). In addition, 
the PC would contain a range of analog chips (power management and other applications), 
communications chips (e.g., a telephone modem chip, Ethernet networking chips, USB driver chips), 
display chips for the screen if the PC is a notebook, an additional graphics chip and memory for the 
graphics in high-end systems, some discrete semiconductor devices, etc., etc. In 2007, about 270 million 
PCs shipped worldwide, each containing $100 or more worth of chips. 


Figure 8. Worldwide Wireless Handset Shipments 
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Figure 9. Worldwide Wireless Handset Shipments (Year-Over-Year Growth) 


40% 


30% 


20% 


10% 


Yr/Yr “% Change 


0% 


(10%) 


(20%) 


Q101 
Q201 
Q301 
Q401 
Q102 
Q202 
Q302 
Q402 
Q103 
Q203 
Q303 
Q403 
Q104 
Q204 
Q304 
Q404 
Q105 
Q205 
Q305 
Q405 
Q106 
Q206 
Q306 
Q406 
Q107 
Q207 
Q307 
Q407 
Q108 
Q208 


Source: Dataquest, Wachovia Capital Markets, LLC 


e Wireless handsets are a more recent phenomenon than PCs. From H2 2003 through 2006, wireless 
handset unit growth largely remained higher than 20% per year, but in 2007 and H2 2008, wireless 
handset unit growth moderated below 15%. In 2007, alone, more than 1.1 billion handsets were sold. We 
also view declining shipment growth as part of the natural evolution in a growing but maturing market. 
We think wireless handsets shipments could grow 10-15% per year over the next few years. 


e The seasonality of wireless handset sales is similar to that of PCs, with some minor differences. The June 
quarter is typically stronger than the March quarter (whereas for PCs, the June quarter is similar to or 
weaker than the March quarter in most years). As with PCs, the September quarter is stronger than the 
June quarter, the December quarter stronger than the September quarter, and the March quarter down 
from the preceding December quarter. 


e A typical wireless handset will contain at least one chip for digital processing of the sound (the baseband 
chip), which might cost anywhere from $4.00 to $15.00, some memory, some analog chips, some 
wireless signal chips, a camera sensor chip, some memory for the camera, some discrete semiconductor 
devices, etc. With the advent of music, video, and data functions, as well as other types of 
communication capabilities (Bluetooth, wireless LAN, GPS), handsets today require even more 
semiconductor processing capability (sometimes a separate applications processor with of price of 
perhaps $10.00-15.00). All in all, the average wireless handsets contain some tens of dollars of 
semiconductors. This is less than the semiconductor content of a PC, but then again, handset sales 
volume is about 4x PC volume. 


There is a delay between the purchase of semiconductor components and the sale of the systems (such as PCs 
and wireless handsets) in which the semiconductors are used. We assume that the offset between 
semiconductor sales and systems sales is in aggregate about 1-2 months. This results in slight differences 
between semiconductor seasonality and end-market seasonality. 
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The Semiconductor Cycle 


In the past, the semiconductor cycle has been supply driven, not demand driven (see Figure 10). The major 
semiconductor end markets do not show any obvious cyclical behavior (seasonal patterns over the course of 
each year do not qualify as cyclical). On the supply side, we believe that it is the capital-intensive nature of 
semiconductor manufacturing and the time lag between investing in new capacity and actually being able to 
use the new capacity that creates a cyclical situation: 


Currently, a new state-of-the-art semiconductor fabrication facility (fab) might cost $2-3 billion to build. 


The building construction for a new fab might take six months to a year. Moving in the manufacturing 


equipment and getting it ready to process semiconductors (i.e., qualification of the equipment) takes 
about another six months. 


When capacity is tight, semiconductor pricing rises, causing an acceleration of semiconductor growth in 
dollar terms. Tight capacity also causes end customers and distributors to increase days of semiconductor 
inventory held. It takes time to make the decision to invest in more capacity and then to bring that capacity 
online. When the additional capacity comes online (and in particular, if excess capacity is created), pricing 
moderates, growth decelerates, and end customers decrease days of semiconductor inventory held. 


Figure 10. The Semiconductor Cycle--(Year-Over-Year Growth Of IC Sales And Units) 
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Source: Semiconductor Industry Association, Wachovia Capital Markets, LLC 


Figure 10 shows the semiconductor cycle. The solid line represents yr/yr sales growth in dollars and the 
crosses show yr/yr unit growth. 


The period from 1985 to 1999 shows two complete cycles. The cycle shows up in the yr/yr growth in 


dollars. Although unit growth does fluctuate, it does not show the same clear cyclical behavior as sales 
growth in dollars. 


We believe that the period from 2000 to mid-2003 is unusual and not part of the cyclical pattern because 
of the impact of unusual softness in worldwide economies. 


In the 1985 to 1999 period, the length of a full cycle was about seven years. This was made up of about 


3.5 years of strong growth in dollar sales ranging from 20-40% per year, and about 3.5 years of weaker 
growth (or even declines) in the negative 20% to positive 20% range. 


The cycle is driven by dollars sales growth being higher than unit shipment growth (the continuous line 
is, for the most part, above the crosses in the graph). This implies pricing expansion. In the negative 
phase of the cycle from 1989 to 1991, sales growth was comparable to unit shipment growth; pricing had 


14 


WACHOVIA CAPITAL MARKETS, LLC 
Semiconductor Primer 2008 EQUITY RESEARCH DEPARTMENT 


a neutral impact. On the other hand, in the downturn from 1995 to 1998, dollars sales growth was lower 
than unit shipment growth (continuous line below the crosses), implying a decline in pricing. 


e We interpret unit shipment growth as an indicator of overall demand. Unit shipment growth, and by 
implication, demand, does not show any obvious cyclical behavior. This is consistent with the absence of 
cyclical behavior in PC shipments. 


e The cyclical pattern for semiconductors is driven by pricing. Given no clear cyclical pattern in demand, 
we conclude that semiconductor pricing patterns are far more a function of availability of supply 
(capacity utilization) than a result of fluctuating demand. In the next subsection we discuss pricing and in 
the following subsection we look at capacity. 


In H2 2003 it began to look (at the time) as if the industry was returning to normal cyclical behavior. Units 
had been growing steadily in a more or less normal seasonal pattern since early 2002 and in H2 2003, yr/yr 
sales growth in dollars overtook unit growth; pricing was expanding. We had expected the industry to go into 
a 3.5-year expansion phase, driven by pricing expansion. However, in H2 2004, semiconductor unit growth 
started to decline on a month-over-month basis, the result of an inventory correction stemming from too 
much chip buying in H1 2004. A “midcycle correction” in the yr/yr growth pattern for unit shipments is not 
unusual; it can be seen that there was a dip in unit growth in early 1987 and in 1994, in the middle of the 
high-growth phases of the previous two cycles. What was unusual this time though was the crossover of sales 
growth and unit growth following this correction. Pricing declined and yr/yr pricing comparisons turned 
negative around mid-2005 and have remained negative over the past three years. 


This raises the question as to whether there has been any change in the cyclical behavior of the semiconductor 
industry. Some things have not changed over the years: 


e Semiconductor manufacturing remains capital-intensive, although the transition to 300mm has resulted 
in a small step-down in investment percent over the past few years. 


e Capacity in general has to be brought on in fairly large chunks, especially when a new facility has to be 
constructed. A new fab currently costs $2-3 billion to construct. In fact, with the move to ever larger 
wafer sizes, the minimum reasonable size of a fab has soared 10-100x over the past 15 years. 


e It still takes a fair amount of time to actually bring up new capacity. It can take 1-2 years to build, equip, 
and bring up a fab from scratch. Just to expand production in an existing facility by moving in more 
production equipment typically takes a minimum of six months or so. 


However, some things have changed, and those changes could reasonably be expected to dampen (improve) 
the cyclical behavior of the semiconductor industry in the future: 


e More and more semiconductor companies are fabless, having their manufacturing done by third parties, 
that is, the semiconductor foundries; this decouples the capital intensity from the companies selling the 
chips. Tightness in capacity leading to chip shortages is still a mechanism that can drive pricing upward. 
However, the fabless chip companies are buffered from problems of excess capacity. It is someone else’s 
problem. Therefore, excess capacity at the foundries does not immediately lead to a collapse of chip 
pricing in an effort by the owners of the capacity to fill up their excess capacity. While it is a plausible 
theoretical argument for the increasing use of foundries resulting in more pricing stability, the 
capacity/pricing sensitivity is strongest in commodity-like semiconductors, of which memory is one of 
the largest segments. Most of the big memory makers still run their own fabs rather than use foundries 
(in part because in a commodity-like business with thin profit margins it does not make financial sense to 
share those margins with a third-party manufacturer), and it seems likely that this will remain true 
indefinitely. 


e It appears that in recent years, semiconductor manufacturers have become far more profit-conscious and 
cautious about the risk of creating excess capacity. In the decade of the 1990s, the top priority at many 
major semiconductor companies was, we believe, to drive sales growth. We believe that in recent years 
there has been far more focus among chip company management teams on improving profit margins. 
This change in priority in the industry has led to a lot more focus on capital efficiency, and a more rapid 
response to cutting back on capital spending when business conditions have weakened. 
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We believe that there will be more consistent growth and less cyclical behavior in the semiconductor industry 
in the future than there was in the past. This is a positive development, as it should allow semiconductor 
companies to be more efficient in their use of capital and make it easier to plan for growth. On the other hand, 
we believe that the growth potential for semiconductor sales has fallen, to 10-12% per year growth for 
integrated circuits in the future, from 16% per year from 1985 to 2000). We continue to expect IC unit growth 
of 10% per year, matched with less expansion in the blended IC ASP than in the past. 


Pricing 


e ICs currently have an ASP of about $1.50, while discrete semiconductors are much less expensive, with 
an average price of about $0.05. Prices for individual ICs range from tens of cents to hundreds of dollars. 
Prices for discrete semiconductor products range from cents to tens of cents. 


e IC ASPs have risen over the past 16 years, to close to $1.50 from close to $1.00. Discrete average prices 
have fallen, to about $0.05 from about $0.15. 


e The very big discrepancy between discrete and IC ASPs means that discretes have a far bigger impact on 
overall semiconductor unit shipments than their true economic value warrants. This is why we normally 
analyze and discuss IC unit shipment trends rather than total semiconductor shipment trends (although 
the two do tend to track). Even within ICs there is a broad range of prices and therefore, commentary on 
even IC unit shipments can sometimes be misleading. Average IC ASPs are currently close to $1.50, but, 
for example, Intel’s notebook microprocessors have an average selling price of about $100. Therefore, 
Intel, the world’s largest semiconductor company, has a disproportionately small impact on worldwide 
semiconductor unit shipments than some other companies that are far smaller than Intel in terms of total 
sales. 


IC ASPs: 

e Were relatively constant from 1979 to 1987, at close to $1.00; 

e Rose from 1987 to 1990; 

e Soared from 1990 to 1995, to as high as about $3.00 (driven by high DRAM prices); 


e Dropped from 1995 to 1997 (DRAM price correction), but then rose again from 1997 to 2000, to close to 
$2.00; 


e Corrected from 2000 to 2001, to about $1.50; 
e Were constant from 2001 to 2003; and 
e Rose in 2004, only to fall back from 2005 to the present (close to $1.50). 


Several shifts in IC mix percentage (made up of three categories: analog, logic, and memory) indicate, we 
believe, three trends that have affected IC ASPs: 


(1) Memory prices, in particular DRAM, had an anomalous period from 1991 to 1995 in which prices 
deviated from the long-term trend, in the positive direction. When analyzing historical data, it can be 
seen that from 1990 to 1995, memory ASPs rose to $8.76 from $3.82 in the period 1990-95. Jumping 
forward to Figure 48, it can be seen that price per bit (discussed in some detail further on) for DRAM has 
generally followed a decline of 35% per year, but price per bit remained flat from 1991 to 1995. This 
helped drive overall IC ASPs upward from 1991 to 1995 (high growth in memory bits shipped with no 
price/bit decline). When memory prices from 1995 to 1996 were suddenly corrected back to the longer- 
term trend (35% per year price/bit decline), this led to a sharp IC ASP decline from 1995 to 1997. By 
1999, memory ASP was back to $3.54, close to where it had been in 1990. The spike in IC ASPs from 
1990 to 1995 can largely be explained (as far as memory played a roll) as a memory pricing, rather than a 
memory mix, effect. Although memory pricing had a huge positive impact on IC ASPs in the first half of 
the 1990s, the effect was reversed in the second half, and so, over the course of the whole decade, pricing 
for memory was neutral to IC ASPs. The one thing we can identify that had a clear and permanent impact 
on driving up IC ASPs from 1990 to 2000 is microprocessors. From 1990 to 2000 the rise of the PC led 
to the emergence of microprocessors as a major semiconductor category. Microprocessors have much 
higher prices than most other chips (on the order of $50.00-120.00 for high-volume desktop and 
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notebook microprocessors). This had a positive influence on IC ASPs from 1990 to 2000. 
Microprocessors are just one sub-segment of overall logic and PC-microprocessors are a sub-segment of 
what the Semiconductor Industry Association (SIA) classifies as microprocessors. From 1990 to 1999, 
logic ASPs rose to $2.81 from $1.33. In Figure 11 it can be seen that logic did grow some as a 
percentage of the total IC dollar mix from 1990 to 2000, but really, the big change was in logic ASPs. 
Within logic, microprocessor ASPs soared, as triple-digit PC microprocessor prices grew to dominate the 
microprocessor category, driving up microprocessors (MPU) as a percentage of the total logic mix (see 
Figure 12). From all this we can see that although on the surface it appears that the contribution of logic 
to rising IC ASPs through the 1990s was a pricing effect, it was in reality a mix effect within logic. As 
high-priced microprocessors grew to represent a greater percent of the overall logic segment, they 
drastically increased the pricing impact that logic had on overall IC ASPs. 


In 2001, semiconductor demand plunged by more than 20% yr/yr, producing excess capacity, which then 
caused prices to decline (see Figure 13). The semiconductor industry has been recovering since then, and 
as unit shipments reached previous peaks from 2004 and capacity utilization improved, hence, the ASP 
rose in 2004. However, since 2004, business conditions for semiconductors have been choppy, with an 
inventory correction in late 2004 to early 2005 resulting in ASPs reversing their gains of 2004. IC mix 
has not changed much from 1999 to 2007, and ASPs have fallen in all three major IC categories (i.e., 
analog, logic, memory). Even logic ASPs, previously driven upward by the emergence of expensive 
microprocessors in 1990, fell because microprocessor unit growth did not keep pace with that of the 
overall logic segment (from 1999 to 2007, microprocessor units grew 22%, while total logic grew 
127%). In addition, microprocessor ASPs showed a yr/yr decline of 9% in 2007. 


Figure 11. IC Mix Shift (1990-99) 
1990 IC Mix 


1999 IC Mix 


Source: Semiconductor Industry Association, Wachovia Capital Markets, LLC 
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Figure 12. Logic Mix Shift (1990-2007) 


Significant MPU Mix 
Shift (1990-2007) 


1990 Logic Mix 1999 Logic Mix 2007 Logic Mix 


Other 
1% 


Total MOS Logic 
39% 


*In 2007, “Other” includes MPR and Total MOS. 
Source: Semiconductor Industry Association, Wachovia Capital Markets, LLC estimates 


The content of this discussion on ASPs has an important long-term implication. As shown in the various 
preceding graphs in this report, prior to the year 2000, semiconductor sales growth was significantly higher 
than semiconductor unit growth (16% per year for IC sales growth, versus 10% per year for IC unit growth). 
We can see that at least from 1990 to 2000, a big driver of this was the unit growth of a particularly high- 
priced semiconductor chip, the microprocessor. Although we believe that PC unit growth can continue to 
grow at a 12-15% rate for several years, computing is no longer one of the fastest-growing semiconductor end 
markets. However, we do put IC unit growth at 10% per year, and so the case could be made that increasing 
microprocessor mix would continue to help lift overall semiconductor ASPs. On the other hand, wireless 
handsets are a major semiconductor end market that is currently growing at about 15-20% per year in unit 
terms. There are some chips in handsets that sell for several dollars, though this is nothing like the PC-driven 
microprocessor dynamic, which has some microprocessors selling for several hundred dollars. For this 
reason, we believe that while ICs might achieve some long-term ASP improvements, the incremental growth 
driven by such ASP improvements alone would be smaller than the 6% per year boost of the past (1986- 
2000), perhaps at best, 1-3% per year. 


Capacity 


Semiconductor manufacturers make semiconductor chips on wafers. (See the section on selected technology 
topics, which follows, for a fuller explanation of this.) Sometimes semiconductor production quantities are 
described in “wafer starts per week” and sometimes, in “wafer outs per week.” Wafer starts per week 
represent the number of semiconductor wafers that a manufacturer can begin processing each week. Wafer 
outs per week represent the number of wafers that are completed each week (the number of wafers coming 
out of the wafer fabrication facility). It typically takes about 12-13 weeks from the beginning of the process 
to the end of the process and so, the difference between wafers starts per week and wafer outs per week is a 
timing difference of a quarter. (For example, Micron, on its conference calls, often neglects to clarify whether 
it is referring to wafer starts or wafer outs. This is an important distinction when trying to calculate output in 
a given quarter since the difference between the two is about one full quarter.) When looking at 
semiconductor capacity data, sometimes semiconductor makers also quote capacity in wafer starts per month 
rather than in wafer starts per week. For example, Micron generally describes its capacity in terms of wafers 
per week, whereas many other memory chip makers quote capacity in wafers per month. Once again, often 
in press releases and on conference calls, companies neglect to clarify whether they are referring to “per 
week” or “per month” numbers. 


When a manufacturer builds a new factory (called a fab, a contraction of the term fabrication facility), first 
the building is constructed. This can take several months. Then semiconductor equipment is moved in. This 
can take several more months. A company will sometimes build a manufacturing space (1.e., a clean room) 
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that is a fair bit larger than it initially needs and may fill only part of the clean room with equipment. There is 
thus a difference between “floor capacity,” that is, the capacity the company would have if it filled up all its 
available clean room space with equipment, and “installed capacity,” which is the number of wafers the 
manufacturer could process if all the machinery it bought was running all the time. Generally, capacity 
utilization refers to the utilization of the installed capacity. 


Figure 13. Worldwide Semiconductor Capacity (200mm equivalent) And Capacity Utilization 
100 
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Figure 13 shows worldwide semiconductor capacity and capacity utilization. 


We consider capacity utilization of 90% and higher to be a healthy level. 

The data in Figure 13 are an aggregate of utilization across the semiconductor industry. However, the 
sensitivity of pricing to capacity utilization is different for different segments of the industry. The most 
sensitive segment is the memory segment since memory is a price-elastic commodity. However, although it is 
possible to get qualitative commentary on capacity utilization from the memory makers and some analysts 
track fab capacity availability and expansion at memory makers, so many factors appear to play into memory 


pricing that we question how fruitful it is to try to quantitatively predict future memory prices from capacity 
analysis. 


Yet times of weak demand and weak pricing often do show up as periods of low capacity utilization in the 
data (see Figure 13). Semiconductor ASPs fell from 1997 to 1998, as did capacity utilization, and the entire 


semiconductor industry was hit by a big downturn in 2001, which resulted in falling capacity utilization and 
falling pricing. 


The capacity data of Figure 13 are described in terms of 200mm equivalent wafers. Since the transition to 
different wafer sizes often takes place over the span of years, at any given point in time the semiconductor 
industry as a whole is doing its manufacturing on more than one wafer size. Currently, a lot of manufacturing 
is done on 200mm (8 inch) and 300mm (12 inch) wafers, but there still remains some manufacturing on 6- 
inch and even some 5-, 4-, and 3-inch wafer processing. To normalize all these different wafer sizes, capacity 
numbers (and other things associated with wafers, for example, prices charged per wafer by foundries) are 
often couched in “wafer equivalent” numbers. A 300mm wafer has 2.25x the area of a 200mm wafer, and 


hence, 2.25 more chips can be fabricated on such a wafer. Therefore, a 300mm wafer would count as 2.25 
200mm wafers when adding up wafer capacity. 
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Figure 14. U.S. Semiconductor Capacity Utilization 
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The Taiwanese semiconductor foundries, TSMC and UMC, release quarterly numbers from which their 
capacity utilization can be calculated. Capacity utilization for both companies is plotted in Figure 15. The 
Taiwanese foundries are the only major semiconductor companies of which we are aware that routinely 
report specific capacity utilization information when they release earnings. Foundry capacity utilization tends 
to show much larger swings than overall worldwide capacity utilization. Figure 16 compares the capacity of 
all foundries to total fab capacity. All together, foundries account for approximately 14% of worldwide wafer 
capacity, with TSMC accounting for 8% and UMC accounting for 4% (2007). 


Figure 16. Foundry Versus Fab Capacity 
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Source: Semiconductor International Capacity Statistics, company reports, and Wachovia Capital Markets, LLC estimates 


Figure 17. The Semiconductor Industry’s Largest Capital Spenders (2007) 


2007 2008 Budget Change 
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Source: Gartner, company reports, Wachovia Capital Markets, LLC estimates 
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One way to estimate future capacity increases is to look at the capital spending plans of the semiconductor 
manufacturing companies. Figure 17 lists the top semiconductor companies in order of amount of capital 
spending for 2007. Intel and Samsung lead in capital spending, in the $5-7.5 billion per year range. Not 
surprisingly to us, the main semiconductor foundries have high levels of spending, with TSMC in seventh 
position. The capital-intensive nature and need for large scale in semiconductor memory manufacturing is 
evident in the fact that six of the top ten spenders are involved in memory manufacturing (i.e., Samsung, 
Toshiba, Hynix, Micron, Inotera, and ST Micro). 


Figure 18. Semiconductor Industry Investment (Worldwide Semiconductor Equipment 
Purchases/Worldwide Semiconductor Sales 
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Source: Semiconductor Industry Association, SEMI, Wachovia Capital Markets, LLC estimates and calculations 


An indicator as to the rate at which semiconductor capacity might expand in the near future (and to get a feel 
as to whether capacity utilization will remain tight, driving up pricing) is the purchases of semiconductor 
equipment. Figure 18 shows worldwide semiconductor manufacturing equipment sales as a percentage of 
worldwide IC sales. (The IC manufacturers account for the bulk of semiconductor equipment purchases.) In 
general, a low ratio on the graph of Figure 18 represents a move toward capacity tightening and a high ratio, a 
shift to more rapid capacity building. However, there are two major secular trends that have changed what 
used to be considered a normal investment ratio: 


(1) The ratio of semiconductor equipment spending as a fraction of IC sales rose from 1990 to about the year 
2000. In fact, although we have not plotted data prior to 1990 on the graph (for lack of a consistent data 
set), the ratio of equipment spending to IC sales rose through the first three decades of the life of the 
semiconductor industry, from 1970 to 2000. Some of this was due to the fact that semiconductor 
equipment makers continually increased their contribution to the semiconductor manufacturing process. 
An example of this is automation. In the late 1980s, almost all operators had to manually load wafers 
onto machines, and wafers had to be carried from one machine to the other by operators. By the end of 
the 1990s, almost all semiconductor equipment had precision robotics that automatically loaded wafers 
into the machines, and some fabs had installed fabwide automation in which wafers could be 
mechanically moved from one machine to the next. Robotic handling is expensive. The price of some 
machines increased as much as tenfold, to millions of dollars from hundreds of thousands of dollars. This 
increased the capital intensity of the semiconductor business. The cost of constructing and equipping a 
semiconductor fab rose from tens of millions to hundreds of millions of dollars in the 1990s, to the 
current level of several billion dollars for a leading-edge semiconductor fab. However, it does not follow 
that the profitability dropped or that the absolute cost of making a semiconductor chips rose that much 
through time. For example, automation results in higher semiconductor equipment cost, but reduced 
labor cost. 
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(2) An opposing trend to the increased functionality of the machinery was the increase in wafer size. Over 
time, semiconductor manufacturers have increased the size of the wafers used to make semiconductor 
chips. In the early 1990s, manufacturers were shifting to six-inch wafers (diameter) from five-inch. In the 
mid-1990s, the transition to eight-inch (200mm) wafers from six-inch wafers took place. Over the past 
few years, manufacturers have been moving to 300mm (12 inch) wafers from 200mm (8 inch) wafers. 
Up to the year 2000, the increasing functionality of the machinery had a much bigger impact than the 
increasing wafer size. However, in recent years, semiconductor manufacturing techniques have reached a 
relatively mature phase (although line width transitions occur on the same regular schedule that they 
have historically, as we discuss in more detail in the technology section). We believe that the current 
300mm transition is resulting in reduced capital costs. A 300mm wafer has more than 2x the area of a 
200mm wafer (wafers are circular), and so, more than twice the number of chips are made on a 300mm 
wafer than on a 200mm wafer. However, our rough estimate is that 300mm manufacturing equipment is 
only a little more expensive than 200mm equipment (we estimate 15-20% more expensive), resulting in a 
clear drop in needed investment for any given production level. 


From Figure 18 it can be seen that in the early 1990s, semiconductor equipment spending was on average 
running at about 15% of IC sales. This number rose to more than 20% (with great volatility) in the late 1990s. 
Comparing Figure 18 with Figure 13, it can be seen that the 15% spending level of 2002 and 2003 resulted in 
rising capacity utilization (although admittedly, unit shipments of semiconductors were rising sharply during 
this period). We believe that a spending level of below 15% of sales currently represents an investment rate 
that will result in rising capacity utilization in 2009. We expect that there will be periods (mostly during the 
high-growth phase of the semiconductor cycle) in which the ratio of investment to sales will rise above this 
“normal” investment range. 


Figure 19. North American Semiconductor Equipment Book-To-Bill Ratio 
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Source: Semiconductor Equipment and Materials Institute, Wachovia Capital Markets, LLC 


Figure 19 shows North American semiconductor equipment bookings and billing (shipment) data as released 
by the Semiconductor Equipment and Materials Institute (SEMI). Our interest from a semiconductor point of 
view is more in the worldwide semiconductor equipment purchases, and we have used worldwide data for 
Figure 18 in calculating the ratio of semiconductor equipment purchases to IC sales. However, the North 
American numbers track the worldwide numbers closely as far as overall trend goes. The North American 
data are issued by SEMI several weeks ahead of the worldwide data, and we believe that it is the more widely 
tracked and discussed information, and so, we have shown it here. 


e Semiconductor equipment shipments currently remain far lower (more than 40% lower) than the peak 
they reached in 2000. 


e Although semiconductor shipments have been on a steady recovery since the trough in early 2002, 
semiconductor equipment shipments sank through H2 2004 and H1 2005, during the period in which the 
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semiconductor industry was working through an inventory correction. Shipments also declined slightly in 
H2 2006 and have been on a downward trend since mid-2007. We think the downward trend in recent 
months has been a pullback in investing, as oversupply of semiconductor chips became a big problem in 
the memory market specifically. 


e We view the post-2000 trend of reduced equipment shipments as an indication that following the huge 
downturn from 2000 to 2002, semiconductor manufacturers have become far more cost-conscious and 
wary of the risks of building excess capacity. We hope that cost consciousness on behalf of the 
semiconductor manufacturers will result in a dampening of the cyclical nature of the semiconductor 
industry. 


The Rise Of The Foundries 


The semiconductor foundries are companies that manufacture (process) semiconductor wafers for fabless 
chip companies. The trend to outsource manufacturing is growing rapidly. In 2002, foundries accounted for 
10-12% of all semiconductor processing (in terms of wafer-equivalent starts), a percentage that had risen to 
about 14% by the end of 2007. The foundry model achieves the following: 


e The foundries, by aggregating the business of several fabless companies, can achieve the scale that is 
required for the large investments in fabs and technology development. 


e The foundries take on substantial capital risk, but in return do not have product development and product 
competition risk. 


Figure 20 shows the largest semiconductor foundries. 


Figure 20. Top Foundries By Revenue Market Share (2007) 
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Source: IC Insights, Wachovia Capital Markets, LLC 


e The world’s largest foundry is Taiwan Semiconductor Manufacturing Corporation (TSMC), with almost 
half of the foundry market. Since the foundry business is capital-intensive, size is helpful in maintaining 
leading-edge technology. UMC, another Taiwanese foundry, is the second-largest foundry, with about an 
18% market share. 


e There is relatively little foundry work done in the United States, with IBM being the only major public 
U.S. company offering foundry services. Jazz is a private company, a spinout from Conexant. 


e Some years ago there was a fair amount of activity associated with building foundries in China. SMIC is 
the largest foundry in China, with a 7% foundry market share. 
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TSMC and UMC, since they are Taiwanese companies, report sales monthly, which provides a good monitor 
of chips produced for the fabless semiconductor companies. Figure 21 shows monthly sales for these two 


companies combined, while Figure 22 shows yr/yr growth. The foundry business has higher growth but more 
volatility than semiconductor sales. 


Figure 21. Taiwanese Foundry Composite Monthly Revenue 
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Figure 22. Taiwanese Foundry Composite Monthly Revenue (Year-Over-Year Growth) 
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Foundry sales are not in fact equivalent to semiconductor sales, but they are roughly equivalent to 
semiconductor cost of goods sold, since the fabless companies report the cost of the wafers they buy from the 
foundries on their cost of goods line in their income statements (though cost of goods contains other elements 
too, including the packaging and test costs of the chips once the foundries have delivered the wafers). 
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A wafer typically takes about 12-13 weeks to process, and this can be the bulk of the cost of a semiconductor 
chip. The packaging and testing of the chips takes a week or two. Some fabless semiconductor companies, 
such as Altera, keep the bulk of their inventory in wafer form (this is referred to as being in die bank since the 


chips that are cut from the wafers are called dice (die in singular). The chips are packaged and tested when an 
order is received. 


Figure 23. Average Wafer Price By Foundry (200mm Equivalents) 
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Figure 23 shows the average wafer pricing at each foundry (the price at which the foundries sell the fully 


processed wafers to the fabless companies). The average wafer price is $1,000+. Price , however, varies a fair 
amount depending on how advanced the technology required is. 


Figure 24 shows TSMC’s wafer sales by technology. About 25% of TSMC’s sales are advanced, 90nm and 
65nm technology (an explanation of line widths, 90nm, etc., is provided further on in this report). Many 


fabless companies do not need cutting-edge technology, and so they buy wafers fabricated with somewhat 


older (and less expensive) technology nodes. 
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Figure 24. TSMC Wafer Sales By Technology 
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Semiconductor Inventory And The Electronics Supply Chain 


It is important for semiconductor companies to carry some inventory and for there to be adequate inventory in 
the supply chain (e.g., at distributors, contract manufacturers etc.), so that demand for product can be met in 
an efficient manner. If inventory levels are too low, that can lead to lost business. On the other hand, 
investors can be very sensitive to the risk of excess inventory building up. Figure 25 illustrates places in the 
electronics supply chain where excess semiconductor inventory can build up. Excess inventory can affect 
sales and profitability of semiconductor companies in several ways: 


Excess inventory at chip companies can lead to inventory write-downs. If a chip company has is 
holding too much inventory and the inventory gets obsolete or the value of the inventory drops 
excessively (e.g., for a commodity-like memory), the company may have to take inventory write-downs 
that drive up cost of goods in a given quarter. Memory companies have this risk, and microprocessor 
companies appear to sometimes get affected, too. There is a class of companies, like analog companies 
and PLD companies, which has products with long life cycles and fairly stable pricing. Such companies 
have less risk of needing inventory write-downs. However, there have been times in the past, for 
example, during the downturn of 2000/2001, when even companies that we would view as having a 
lower risk of inventory write-downs (e.g., PLD companies like Altera and Xilinx) did take inventory 
charges. 


Excess inventory at chip manufacturers can lead to factory underutilization. If a company that 
makes its own chips builds up too much inventory internally, this can lead to a need to cut back on 
production while the excess inventory is being worked down. This can lead to underutilization of the 
fabs, with results in either an increase in cost of each chip that is manufactured, or “underutilization 
charges” being taken against cost of goods. Companies with fabs that manufacture their own chips have 
this risk, whereas fables companies in general do not. 


Excess inventory at distributors can sometimes affect chip revenue. Excess inventory at distributors 
can lead to cutbacks in orders from distributors as they work to reduce their inventory levels. Inventory 
at distributors is of particular importance to analog and PLD companies that sell a high percentage 
(sometimes as much as 90%) of their product through distribution. 


«= Companies that recognize revenue on sell-in to distribution can have their sales affected by 
distributors driving down their inventory levels. The converse is true, too. When inventory levels at 
distributors are lean at the end of a downturn with business gathering momentum, companies that 
recognize revenues on sell-in to distribution get the double benefit of increasing end-customer 
demand, as well as inventory builds in distribution. 


«= Companies that recognize revenue on sell-through from distribution are not at risk of a revenue hit. 
However, for such companies, inventory at distribution can look similar to internal inventory at the 
company from a financial point of view. In such cases, excess inventory at distribution creates the 
similar problems to excess internal inventory. Altera, for example, often discusses its inventory 
targets in terms of internal inventory + inventory at distribution. 


Excess inventory at systems manufacturers can affect chip revenue. Systems manufacturers (makers 
of electronics goods like PCs, wireless handsets etc.) include contract manufacturers (companies that 
make things for other companies), as well as original equipment manufacturers, companies which both 
make and sell their own products. If there is excess chip inventory at systems manufacturers, this can 
lead to the systems manufacturers slowing their chip purchases while they work down their excess 
inventory, resulting in a drop in revenue for the chip companies. 


Excess systems inventory at systems resellers, systems distributors, and retailers can affect chip 
revenue. Sometimes lack of demand can lead to a buildup of inventory in electronics systems that have 
already been fully manufactured. This can be a particular risk for products sold to consumers in the 
second half of the year. If there is weakness in consumer demand during the holiday season, there can be 
excess inventory of finished electronics goods in stores in the new year. Excess systems inventory results 
in a drop in orders to systems manufacturers, which, in turn, results in a drop in demand for chips and a 
drop in chip revenue. 
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Figure 26 though Figure 29 are a sampling of some of the inventory graphs related to various parts of the 
semiconductor supply chain that we monitor, showing how over the past few years there has been a trend 
toward more internal inventory at chip companies and less at distributors and contract manufacturers, as 
measured in days of inventory. A more detailed discussion of inventory trends and the various companies that 
we monitor to track inventory is beyond the scope of this primer, but is contained in our Electronics 
Inventory Review, which we issue twice per quarter. 


Figure 25. Semiconductor Supply Chain 


Source: Wachovia Capital Markets, LLC 
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Figure 26. Large Chip Manufacturers--Days Of Inventory And Absolute Inventory 
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*Compiled data from INTC, AMD, TXN, NXP, QI, MU, STM and LLTC. Data for NXP and Qimonda are included from the March 


quarter 2006 onward. We have scaled the numbers prior to this in order to maintain year-over-year consistency 


**Micron and ADI have fiscal quarters that end one month before and one month after calendar quarters, respectively. We have 


mapped each Micron and ADI number into the closest calendar quarter. 


Source: Company reports and Wachovia Capital Markets, LLC 
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Figure 27. Fabless Chip Company--Days Of Inventory And Absolute Inventory 
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*Compiled data from XLNX, ALTR, BRCM, QCOM, and NVDA. Nvidia has a fiscal quarter that ends one month after each 
calendar quarter. We have mapped each Nvidia number into the closest calendar quarter. 
Source: Company reports and Wachovia Capital Markets, LLC 
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Figure 28. Semiconductor Distributors--Days Of Inventory And Absolute Inventory 
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*Compiled data from Arrow and Avnet. However, in addition to semiconductors and components, 20-35% of Avnet’s and Arrow’s 


total sales are derived from computer products, services, and computer components. Therefore, the data in these graphs really reflect a 
blend of semiconductor and computer systems business. 


Source: Company reports and Wachovia Capital Markets, LLC 
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Figure 29. Contract Manufacturers--Days Of Inventory And Absolute Inventory 
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*Compiled data from Jabil, Flextronics, Samnina, Celestica, Solectron, and Benchmark Electronics. Jabil and Solectron have fiscal 


quarters that end one month before each calendar quarter. We have mapped each Jabil and Solectron number into the closest calendar 
quarter. 


**Solectron was acquired by Flextronics in the December quarter, 2007. Data for Solectron are indexed for the September quarter 
2007. 


Source: Company reports and Wachovia Capital Markets, LLC 
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Semiconductor Primer 2008 


Semiconductor Segments 


Figures 30-32 show, in a number of different ways, segment breakouts for integrated circuits. We discuss 


some of what we consider to be the more important sub-segments further on in this section. 
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Figure 32. Types Of Integrated Circuits 
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Source: Semiconductor Industry Association, Wachovia Capital Markets, LLC 


Analog 
Analog semiconductors can be broken out into two main sub-segments: standard and application-specific. 
e Standard linear chips. These are generic products that are often sold through distribution. 


e Application-specific analog. This includes mixed-signal analog chips, which combine analog and digital 
capability. 


There are four main categories of standard Linear chips: 


e Voltage regulators. These are power management chips. They are the chips that control the distribution 
of power through an electronic systems, making sure there voltages are the right voltages for each chip 
and that there is enough current for each chip’s needs. 


e Data conversion chips. There are two main types of data conversion chips: 


« Analog-to-digital converters (A/D converters). These take a continuous analog signal and convert 
it to a stream of digital numbers by making measurements of the height (voltage of the signal) at 
regular time intervals. 


« Digital-to-analog converters (D/A converters) These do the opposite; they take a stream of 
numbers and make these into a continuous signal. 


Data converters sit at the edge of many electronic digital systems. For example, today’s cell phones 
are all based on digital standards. When one speaks into a cell phone, the voice is a continuous 
signal. This has to be converted to a stream of digital numbers for the digital chips inside the cell 
phone to process the information and an A/D converter does this. At the other end, the receiving cell 
phone has a stream of numbers that has to be converted back into a sound that the listener can hear. 
This job is done by a D/A converter. 


e Interface chips. Interface chips are analog chips that provide the interface onto standardized 
communications signal lines. They are the chips responsible for driving the electrical voltages or currents 
down the lines. For example, in a computer, there would be some PCMCIA chips for driving signals 
down a PCMCIA bus. 


e Amplifiers. These are analog chips that make electrical signals bigger, while maintaining the same shape 
as the original electrical signal. 
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Figure 33. A/D and D/A Converters 
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Texas Instruments, Maxim, Linear, and Analog Devices are companies that make standard linear chips. 
Communications applications often used application-specific solutions, and a number of semiconductor 
companies that are thought of as “communications chip” companies rather than “analog” make mixed-signal 
chips that fall into this category. High-frequency or radio-frequency chips, for applications such as wireless 
and microwave applications, are analog chips, too, and so, companies that make this class of chips (e.g., 
Skyworks, RF Micro Devices, Triquint) are also producing analog chips, although these companies are not 
usually described as analog companies. As indicated by their relatively low ASP (roughly $0.50), analog 
chips are generally fairly small. Consistent precise performance is often important for analog chips, but in 
terms of the number of transistors and other circuitry elements, analog chips tend to be relatively simple. 


Logic 


Although the manufacturing technology for making logic chips is similar for most logic sub-segments, the 
design techniques differ, and so, semiconductor companies that make logic chips often specialize in one or a 
small number of sub-segments. 


Logic--processors. Processors are chips that can think and also have a fair amount of programming 
flexibility. 


e Microprocessors. Microprocessors are general-purpose thinking chips. Microprocessors tend to be large 
chips that use millions of transistors and other circuitry elements, and consequently, they are among the 
highest-priced ICs. Microprocessors have an ASP of more than about $80.00 (though at the high end, 
microprocessor prices can rise to more than $1000.00). PC-microprocessors require cutting-edge 
manufacturing technology. Intel and AMD are the main manufacturers of microprocessors (x86 
microprocessors) for PCs, while IBM makes the PowerPC microprocessor. PowerPC used to be used in 
Apple Computers, but with Apple transitioned to Intel-based microprocessors, PowerPC is now used 
primarily for servers and embedded applications. ARMS and MIPS are two popular non-86 processor 
architectures used in consumer and communications applications such as cell phones, digital TVs, 
routers, and voice over IP. 


e Other processors. Two examples of other processors are graphics processors and network processors. 
Graphics processors are processors optimized for generating or processing images (i.e., graphics 
rendering). One important application for these chips is in computers. Graphics processors tend to be 
quite large, complicated chips, and command prices of tens of dollars. Nvidia and AMD (ATI) are 
companies that make graphics processors. Network processors are processors optimized for handling 
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data traffic in computer and communications networks. Makers of network processors include 
Broadcom, LSI (Agere) and PMC-Sierra. In Exhibit 27, the “other processor” category does not appear 
since we have used SIA numbers for the figure, and the SIA includes graphics and network processors 
together with other logic categories. 


Digital signal processors (DSP). DSPs are processors that are optimized for making sense of 
communications signals. One important application for DSPs is in wireless handsets, but DSPs are also 
used in a variety of communication, consumer, industrial, and other end markets. DSPs are moderately 
complicated chips and have an ASP of about $4.80. Texas Instruments, Analog Devices, and LSI (Agere) 
make DSPs. 


Microcontrollers. Microcontrollers are processors that are used for simple control applications in a wide 
range of devices, from washing machines and microwave ovens to cars and industrial machinery. A 
microcontroller is used when the amount of thinking needed is less than what a full-fledged 
microprocessor might provide. Microcontrollers are relatively simple chips and generally do not require 
very advanced manufacturing technology. They have an ASP of about $1.40. Examples of companies 
making microcontrollers include Microchip, Freescale, Texas Instruments, Infineon, and Philips. The 
processing horsepower of a microcontroller is dictated by word length (number of bits). Eight-bit 
microcontrollers currently represent the low end of the market, and we think the market will continue to 
migrate toward 32-bit over the next several years. Many microcontroller companies have adopted the 
ARM architecture for 32-bit offerings. 


Logic--standard logic. Standard logic chips are logic chips that are less flexible than microprocessors. They 
do logic operations (i.e., they think), but in general, each specific type of standard logic chip is designed to 
always do the same specific logic operation, unlike processors, which run software programs that determine 
what logic operations they perform. Even programmable logic devices (PLD) are a type of standard logic, 
which are designed to always do the same thing once they have been configured with a specific program. 


Programmable logic devices (PLD). Programmable logic devices are devices that are not committed to 
any specific logic operation; however, they can be configured with programming. This is different from 
the way processors use software programs. Processors have circuitry that is designed in a specific way 
and then this circuitry executes instructions according to its software program. PLDs are chips that obtain 
the actual configuration of their circuitry (what is connected to what) from a program. Although in 
principle they can be reprogrammed, each chip is typically programmed once and then operates like a 
chip with fixed logic that always does the same thing. Field programmable gate arrays (FPGA) and 
complex programmable logic devices (CPLD) are types of PLDs. FPGAs are typically used for 
prototyping or relatively low-volume applications. Because PLDs can be configured to do a wide range 
of logic operations, they are often used instead of making a custom design of a chip, an application- 
specific integrated circuit (ASIC). PLDs have a wide range of complexity; some of the high-end FPGAs 
are among the largest chips made. PLD prices range from a few dollars to several hundred, depending on 
the size and level of complexity. Xilinx and Altera are the two largest PLD companies, with a combined 
market share of 85%. Smaller PLD companies include Lattice, Actel, Cypress Semi, and Quicklogic. 


Standard logic. This is a catch-all describing a fairly broad range of standard logic chips that are neither 
processors nor PLDs. Standard logic chips tend to be fairly simple chips. A wide range of companies 
make standard logic chips, including Texas Instruments. 


ASICs and applications-specific standard products (ASSP). ASICs are chips that are custom designed 
for a specific end user (e.g., Cisco designs many of its own ASICs). ASSPs are chips that are designed 
for a specific application (as opposed to standard logic, which can be used for multiple applications), but 
not just for one customer. The term ASSP is a fuzzy one and many chips that are termed ASSP might fall 
into the analog group as mixed-signal chips or be considered standard logic. 


Memory 


There are two main types of semiconductor memory: 


(1) Volatile memory. Volatile memory forgets what it was supposed to remember when the power is 


switched off. However, it is relatively easy to write information into volatile memory and to retrieve the 
information from it; so volatile memory is used as the main working memory in a system such as a PC. 
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The two main types of volatile memory are DRAM and static random access memory (SRAM), though 
from an investment point of view, we believe DRAM is by far the more important of the two, with many 
major companies being involved in DRAM, whereas SRAM is made by a fistful of fairly small 
companies. 


(2 


~— 


Nonvolatile memory. Nonvolatile memory, on the other hand, remembers what it is supposed to 
remember when the power is switched off. Traditionally, nonvolatile memory has been used for 
permanent code storage in systems. For example, in a PC there is a small flash chip that contains the PC 
BIOS, that is, all the crucial information a PC needs to know when it is being switched on. Similarly, in a 
cell phone there is a flash chip that contains the code information (e.g., what the cell phone needs to 
know about the global system for mobile standard or code division multiple access standard so that it can 
interpret the signals it receives). More recently, nonvolatile memory has also found a place in the storage 
of data, such as photographs taken with digital photography. In general, it is more difficult to write 
information to nonvolatile memory than to volatile memory, which is one reason that volatile memory is 
still used in many electronic systems. The main type of nonvolatile memory is flash memory, of which 
there are two types: NOR and NAND flash. Both of these are important in terms of total volume of sales, 
but NAND flash has a strong growth dynamic, whereas NOR flash does not. There are a number of 
legacy types of nonvolatile memory, none of which we believe are particularly important from an 
investment point of view since they are made by a small number of fairly small companies. 


Volatile Memory 


e DRAM. In a PC, the information is initially loaded into the dynamic random access memory from the 
hard drive and also some information is provided by the microprocessor. It is “dynamic” because even 
when the power is switched on, it forgets what it is supposed to remember and so each memory cell has 
to be “refreshed.” Each DRAM chip contains circuitry to do this refresh tens to hundreds of times per 
second. It is “random access” because any information can be retrieved from any place in the memory at 
a given time (as opposed to serial, in which memory locations have to be looked at one after another in a 
certain order; NAND flash is serial to some extent). DRAM memories come in different sizes. A typical 
DRAM memory chip for a PC might be 1 Gigabit (Gigabit = Gb= 1 billion bits). This means that the chip 
can remember | billion ones or zeros. Most electronic systems, including PCs, have memory specified in 
bytes, not bits. A byte equals eight bits. A 1-gigabyte (GB) PC might have eight different 1Gb DRAM 
chips in it, DRAM chips come in all sizes, from 64Mb (64 million bits; it is possible to get smaller 
memories, too) to 1Gb (a billion bits). DRAM chips are commodities (in principle, a 1Gb chip works 
exactly the same, regardless of which company you buy it from) and so, the price tends to be very 
volatile. Also, as technology progresses, more bits can be jammed on a chip, and so, for the same price it 
is possible to buy a chip with more bits. At the time of writing this report, a 1Gb DRAM chip costs 
$1.50-2.00 (we have graphs with pricing information later in this report.) Samsung, Qimonda (Infineon), 
Hynix, Elpida, and Micron are some of the bigger DRAM companies. 


e SRAM. SRAM is “static” because while the power stays on it remembers what it is supposed to 
remember (it does not need a refresh). Static random access memory has traditionally been used for very 
high-performance applications, when very fast access to the information in the memory has been needed. 
SRAM is still used in communications systems, but its general use is less and less widespread (a long 
time ago, PCs used to have some SRAM; more recently, wireless handsets had SRAM, but now more 
and more handsets have something called PSRAM (pseudostatic RAM), which is really DRAM 
masquerading as SRAM). Cypress Semiconductor and IDT are some companies that still make SRAM. 


Non-volatile Memory 


NAND and NOR flash. “Flash” is the name of a type of memory cell (something that can store 
a 1 or a0). “NAND” and “NOR” refer to the logic functions (Not AND) and (Not OR), which describe 
the circuitry that a flash chip uses to access the memory locations. Because of the difference in memory 
access circuitry, NOR flash is more expensive than NAND flash, but offers faster access to the memory. 
The largest use of NOR flash today is in cell phones for code storage. NAND flash is used when large 
amounts of information are to be stored and price is important. One big use of NAND flash is in digital 
cameras for storage of photographs. Apple’s iPod and iPhone are generating big demand for NAND 
flash as a way to store information to play back songs. In the future, NAND flash could be used in 
computers to replace hard drives in notebooks. Intel, Spansion, and ST Micro are some manufacturers of 
NOR flash (In March 2008 Intel and ST Micro spun off their NOR flash operations in a joint venture). At 
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the time of writing this report, an 8Gb NAND MLC flash chip had a price of about $1.50-2.00, but 
NAND flash prices are falling rapidly. Samsung, Toshiba, Hynix, Micron, and Intel are some of the 
manufacturers of NAND flash. 


Other types of nonvolatile memory. EEPROM (pronounced E-squared PROM, electrically erasable 
programmable read-only memory), EPROM (erasable programmable read-only memory, and ROM 
(read-only memory). None of these are very important today in terms of volume of sales, in our opinion. 


Discrete Components 


A discrete component is the most basic type of semiconductor device. A discrete component is a single 
elementary electronic device (such as a transistor). An integrated circuit (IC) is a chip in which many 
transistors and other devices (ranging from a few to more than a billion) are all connected together on a piece 
of silicon (a chip). Examples of discrete components include transistors and diodes. Discrete components are 
used for power management, voltage regulation, and to connect integrated circuits within a system board (i.e., 
printed circuit board). The discrete component market is approximately $17 billion in size (2007), or 
approximately 7% of the overall semiconductor market. For the four-year period 2003-07, the discrete 
component market grew with a compound annual growth rate (CAGR) of 6%, versus an overall 
semiconductor CAGR of 11%. We think this slower growth rate relative to the overall semiconductor market 
is in part the result of more chip designs including the functionality of discrete components in integrated 
circuits. 


The discrete component market is highly fragmented, with no participant controlling more than 15%. Figure 
34 highlights the top ten participants in the discrete component market. With few market growth prospects, 
most broad-line semiconductor companies have not made investments in growing discrete component 
capacity. In addition, many broad-line participants have not made investments in shrinking the packaging size 
of discretes, which is the key differentiator. 


Figure 34. Discrete Market Share (2007) 
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Figure 35. Semiconductor Growth History By Chip Type (1990-2006) 


CAGR CAGR CAGR 
1990-2000 2000-03 2003-07 
Digital Signal Processors 36% 0% 6% 
Analog 15% (4%) 8% 
Microprocessors 30% (5%) 6% 
Microcontrollers, etc. 13% (25%) 9% 
PLDs 29% (21%) 8% 
Other Logic 10% 5% 18% 
DRAM 16% (17%) 17% 
Other Memory (incl flash) 14% (8%) 14% 
Total IC 16% (8%) 12% 
Total Discrete 9% -9% 6% 
Total Semiconductor 15% (7%) 11% 


Source: Company reports, Semiconductor Industry Association, Wachovia Capital Markets, LLC estimates 


Figure 35 shows historical growth by IC segment. We have broken out the past 17 years into three periods: 


(1) From 1990 to 2000, ICs showed strong growth, with a CAGR of 16%, about 6 percentage points higher 
than unit growth of about 10% (though with a cyclical overlay.) 


(2) From 2000 to 2003, we believe that the growth in the semiconductor industry declined because of 
widespread macroeconomic slowing. We believe that some investors look at growth crossing this period 
(e.g., for the past ten years, from 1997 to 2007), which, in our view, leads to misleading answers because 
this includes a period of an anomalous stalling out of the various semiconductor end markets. Our 
inclination is to simply omit this period from our consideration, but we think that it is important to 
identify any segments that showed a particularly large decline from 2000 to 2003, as this could indicate 
that we are starting from an unfairly low base that is likely to artificially boost growth calculated after 
2003. 


(3) We believe the semiconductor industry resumed “normal growth” toward the end of 2003 and so, we 
have looked at growth from 2003 to 2007 in order to try to get a feel for what the current growth 
prospects really look like. 


For the decade of the 1990s (1990-2000): 


e As discussed in preceding sections, microprocessors grew strongly from 1990 to 2000 (30% per year 
CAGR), driven by the growth of the PC market. 


e Digital signal processors grew 36% per year from a small base, driven by a variety of end markets. The 
use of the DSP in wireless handsets was, and continues to be, an important driver of DSP growth. 


e PLDs grew 29% per year, also from a small base. We think this was due to the emergence of PLDs as an 
alternative to custom chips (ASICs) for prototyping and specialized chips with relatively small run 
requirements. PLDs are used extensively in communications and so benefited from the communications 
boom toward the end of the 1990s. 


e Analog and DRAM both had growth roughly equal to the overall IC growth of 16% from 1990 to 2000 
(though pricing movements resulted in DRAM growth jumping in the first half of the decade and then 
dropping back in the second half). 


Now, looking at the 2003-07 period, we see the following: 


e ICs asa whole grew 12% per year from 2003 to 2007, below the per year growth of 16% from 1990 to 
2000. However, we think that the pricing expansion opportunities over the past few years have been 
more limited than in this earlier period, and so we think that a sales growth rate slightly higher than the 
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IC unit growth rate is a more realistic expectation for ICs. Our long-term projection for IC sales growth 
in dollar terms is 11-13% per year, slightly higher than our expectation for semiconductors to grow 
10-12% per year. 


e Memory overall has shown very good growth, with DRAM at 17% per year and “other memory” at 18% 
per year. However, memory growth is very volatile, swinging significantly with memory pricing, with 
DRAM pricing running trends through most of the 2003-07 period. A pricing correction in 2007 has 
pushed DRAM growth into negative territory in 2008. NAND flash has been a big driver of non-DRAM 
growth, and we think that there is reasonably good secular growth potential for NAND flash, driven by 
multiple high-volume applications, including digital photography, digital music (iPods) and computers. 
However, we think that the DRAM growth is a combination of starting from a low base in 2003 (note the 
17% per year decline for DRAM from 2000 to 2003) and unsustainably high DRAM pricing in 2005 and 
2006 (we discuss this in more detail in the DRAM section). We expect NAND flash to be an important 
driver of memory bit growth over the next few years, but we think that pricing declines for NAND 
(which are needed for NAND to hit the price points required by new applications) and DRAM, as well as 
a lower DRAM bit growth, could lead to sharply lower DRAM+NAND growth and hence, slower overall 
memory growth over the next few years. Our expectation is that memory sales growth could well be 
significantly lower than the 16% CAGR of 1990-2000, and perhaps lower than the 11-13% CAGR we 
expect for overall ICs over the next few years. We discuss this in some detail in the memory section. 


e Microprocessors underperformed with a 6% CAGR from 2003 to 2007. However, the primary end 
market for microprocessors, PCs, was strong during this period, and the microprocessor CAGR was 
pulled down by ASP contraction. We believe that this was driven in part by competition between Intel 
and AMD, and in part by a mix shift toward lower-end desktops and notebooks, partially offset by a 
positive mix shift of notebooks having higher growth than desktops (notebook microprocessors generally 
have higher ASPs than desktops). We believe that AMD’s weak competitive positioning and financial 
issues will lead to stable or even rising microprocessor prices, while mix shifts to higher-priced notebook 
and server microprocessors should also have a positive effect on pricing. We think that microprocessors 
could very possibly outperform overall IC growth over the next few years. 
We believe that the long-term unit growth potential of the PC market is 12-15% per year, and we think 
that microprocessors could achieve sales growth in this range. 


e Analog growth was 8% per year from 2003 to 2007. We have been struck by what appears to have been 
widespread belief in the investment community in the past that the analog segment or at least “high- 
performance analog” has a higher growth potential than ICs overall. We think that the historical data 
show that the analog segment as a whole is at best an average grower among the various semiconductor 
segments. However, the standard linear component of analog does appear to be somewhat more stable 
than semiconductors or integrated circuits as a whole. In the 2000-03 drop, standard linear sales fell with 
a CAGR of only 1%, and the corresponding recovery from 2003 to 2007 was accordingly, more muted, 
with a CAGR of 7%. 


e We have made the case in the past that we believe that PLDs have better secular growth opportunities 
than ICs in general. However, over the past six years, PLD growth has in fact been aggregate IC growth, 
declining with a CAGR of 21% per year from 2000 to 2003 and then growing only 8% per year from 
2003 to 2007. We now think that it is appropriate to expect PLD growth in the future will at best be equal 
to or slightly above IC aggregate growth. 


In the following sections we look at some of what we consider to be the more interesting semiconductor 
segments in more detail. 
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Sub-Segments Of Interest 


Microprocessors 


Microprocessors are computing chips that essentially do the thinking in computing and other systems. Intel, 
the world’s largest semiconductor company, derives the bulk of its profits from microprocessors and 
microprocessor-related products. Microprocessors accounted for 16% of total IC sales in 2007. We discuss 
microprocessors in detail in our quarterly microprocessor review. 


Figure 36. Microprocessor Unit Shipments Versus PC Unit Shipments 
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Figure 37. Total ICs Versus Microprocessor (Year-Over-Year Growth) 
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Figure 36 shows unit shipments of microprocessors (reported by Mercury Research) in comparison to 
shipments of PCs (reported by IDC) on a quarterly basis. Historically, the microprocessor unit shipments tend 
to trend with PC shipments. Figure 37 shows the growth cycle of microprocessors compared to overall 
integrated circuits. As shown in Figure 35, microprocessors performed better than semiconductors as a whole 
from 1990 to 2003. Figure 37 illustrates that microprocessors tend to outperform the rest of the 
semiconductor market the most in downturns, but have grown at a lower rate than the overall semiconductor 
market during many of the upturns in the past. We think this is related, in part, to the greater pricing stability 
of microprocessors compared to some of the more commodity-like semiconductor products, such as DRAM. 


Intel and AMD are the main makers of x86 microprocessors (see Figure 38). 


Figure 38. Total x86 Microprocessor Market Share Over Time 
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e Beginning in H2 2005, Intel began losing microprocessor market share to AMD. AMD’s market share 
has gone from about 16% in Q2 2005 to roughly 20% in Q2 2008. AMD’s gains have been mostly 
limited to notebooks, and in particular low-end notebooks, a space that for Intel is not a primary focus of 
business. Intel’s release of superior core architecture products in 2006 has allowed the company to regain 
some lost market share in the past couple of years. We expect that through 2008 Intel will continue to 
recapture previous market-share losses. 


e Microprocessors are one of the highest-priced chips. Figure 39 shows the average microprocessor selling 
price as reported by Intel and AMD. 
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Figure 39. Average Microprocessor Selling Price--Intel Versus AMD 
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e Intel’s overall microprocessor ASP (about $110) is almost double AMD’s (about $60), due to a better 
higher mix of higher performance chips. Desktop pricing tends to be a little lower on average than 
notebook pricing, while both notebook and desktops tend to have much lower prices than servers. 


e The relative stability of microprocessor pricing has held steady over the past few years until 2006, when 
pricing pressures in the desktop space pulled down overall ASPs for both Intel and AMD. The overall 
microprocessor pricing environment appears to be stabilizing. Both desktop and notebook ASPs for Intel 
and AMD in Q3 2007 were relatively stable after declines through prior quarters in 2006 and H1 2007. 
Server microprocessor ASPs for Intel and AMD were affected heavily by a mix in shift in Q4 2006, with 
Intel gaining share in multiprocessor servers. The higher server ASP effect on overall blended ASP 
caused Intel’s overall ASP to rise, while AMD’s fell. We believe that the pricing environment for 
microprocessors is generally stable, but we intend to remain watchful of any ongoing pricing pressures. 


Figure 40 and Figure 41 show what we call the waterfall pricing trend that Intel’s and AMD’s microprocessor 
prices generally exhibit over time. We have shown just one segment of microprocessors (performance 
desktops) as an illustration. Waterfall pricing often leads reports in the news about large price cuts. Often 
these are not really reductions in prices, but instead, a new chip introduced at the top price point that creates a 
waterfall of pricing cuts to the older chips, with the least expensive offering usually being removed from 
listings. It can be seen from Figure 40 that Intel’s list price range has remained fairly constant in recent years. 
However, Figure 41 shows the compression of AMD’s list pricing, not so much because of price cuts, but 
more because of AMD’s failure to introduce new high-performing products. AMD has filled in the higher 
price points in recent quarters with new desktop chips for the high end. 


Figure 42 is a pricing table that shows an example of list prices. List prices are not necessarily the actual 
prices at which the microprocessor companies sell chips to large PC makers, but we think that list pricing is a 
helpful indicator of general pricing trends and the pricing positioning of Intel and AMD. We generally 
assume that the large customers get discounts to list prices of roughly 30%. However, we believe that it is 
difficult to get reliable information on the amount that chips are discounted. We think that changes in 
discounting sometimes result in ASP movements for Intel and AMD that are not reflected in list prices. 
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Figure 40. Intel Performance Desktop Historical List Pricing Movement 
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Figure 41. AMD Performance Desktop Historical List Pricing Movement 
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Figure 42. Performance Desktop Processor Offerings--Intel Versus AMD (Example Of Waterfall Effect) 
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Source: Intel, AMD, and Wachovia Capital Markets, LLC 
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AMD Phenom X4 (65nm) 
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9550 (2.2GHz QC 4M) 
9150e (1.8GHz QC 4M) 


AMD Phenom X3 (65nm) 
8750B (2.4GHz TC 3.5M) 
8750 (2.4GHz TC 3.5M) 
8600B (2.3GHz TC 3.5M) 
8650 (2.3GHz TC 3.5M) 
8450 (2.1GHz TC 3.5M) 


AMD Athlon 64 X2 (65nm) AM2 
5600B (2.9GHz DC 1M) 65W 
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EE = Extreme Edition; DC = Dual-core; TC = Triple-core; QC = Quad-core; M = Megabytes of cache (e.g., 2M = 2MB); LE = <65W TDP (value chip) 


*Intel's QX9775 model supports only a dual-socket board 
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Memory 
There are two main types of semiconductor memory: 


(1) Volatile memory. This memory, as mentioned, forgets what it is supposed to be remembering when the 
power is switched off. The main type of volatile memory is DRAM. 


(2) Non-volatile memory. As mentioned, this memory recalls what it is supposed to be remembering even 
when the power is switched off. The main type of nonvolatile memory is flash memory, which itself is 
divided into NAND flash and NOR flash. 


Figure 43. Memory Segment Breakout (2004 Through Mid-2008)) 


2004 2006 2008 (Through June) 
Memory Share Memory Share Memory Share 
Other Other 
3% 8% 


Source: Semiconductor Industry Association and Wachovia Capital Markets, LLC 


Figure 43 shows that DRAM is the largest component of the memory market with approximately 51% of total 
market share, but this has fallen in the past four years as NAND Flash sales ramp up. Currently, NAND is the 
fastest-growing memory segment. Figure 43 shows that NAND has climbed to 28% market share in mid- 
2008 from 14% in 2004. 


DRAM 
There are two main types of volatile memory: 


(1) DRAM. DRAM (or dynamic RAM) forgets what it is supposed to be remembering even when the power 
is switched on, and so it needs to constantly remind itself of what it has been told (refresh) several 
hundred times per second. 


(2) SRAM. SRAM (or static RAM) remembers what it has been told as long as the power stays on. 


DRAM is less expensive than SRAM and can be made in higher densities. Since the DRAM market is more 
than 15 times larger than the SRAM market (in dollar terms based on 2007 numbers), we address only 
DRAM in this report. 


DRAM is random access memory (RAM). This means that the information can be retrieved from any 
memory cell without looking through all the other memory cells. DRAM and SRAM are random access. 
NOR flash is random access, but NAND flash is serial access. For a NAND flash memory, all the cells in a 
whole line (a row) must be looked at one after the other. 


DRAM is used as the main type of memory in computers (and other electronic devices, too, but more than 
half of the world’s DRAM consumption is for computers). A typical PC might have 1GB (1GB=1 Gigabyte = 
1 billion bytes) of DRAM. A 1Gb (Gb=1 billion bits) chip costs $1.75-2.50 and so, a computer with 1GB of 
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data contains about $14.00-20.00 worth of DRAM. As there are 8 bits to a byte, the computer will have 8 
1Gb chips (or 16, 1/2 Gb or 512 Mb chips, or 4, 2 Gb chips). 


Figure 44 shows the main DRAM makers. Samsung is the world’s largest DRAM vendor and is also a 
significant producer of flash memory, producing 28% of the world’s DRAM in 2007.In our opinion, Samsung 
is also a leader in DRAM manufacturing technology. Hynix holds second place, with a 21% share, while 
Qimonda, Elpida, and Micron are all fairly close together in the running for third place. 


Figure 44. DRAM Market Share (2007) 
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Source: iSuppli, Wachovia Capital Markets, LLC 


DRAM has a very cyclical nature. Because it is very capital-intensive and commodity-like, it has historically 
had bigger cyclical swings than the rest of semiconductors (see Figure 45). When the business environment is 
weak, DRAM pricing tends to fall, and when business is strong, DRAM pricing rises. 
We think that these big swings in business, coupled with the capital intensity of the DRAM business, make it 
difficult for most DRAM companies to achieve consistent value accumulation over the long run. 
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Figure 45. DRAM And IC Revenue (Year-Over-Year Growth) 
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DRAM bit growth was 77% per year from 1990 to 2001, far higher than PC growth of 15-25% per year 
during this period (see Figure 46). DRAM growth is driven not just by growth of PC units shipped, but also 
by the ever increasing amount of DRAM in a PC. However, the number of DRAM chips in a PC does not 
typically increase with time; instead, it is the number of bits on each DRAM chip that increases. 


It might be expected that the commodity-like nature of DRAM makes demand highly price elastic. However, 
from 1990 to 2001, DRAM bit growth was very consistent (see Figure 46), with far less variation shown in 
the DRAM revenue graph of Figure 45. The PC market, the main growth driver of DRAM consumption 
through the 1990s, steadily expanded through the decade, driving bit consumption. In 2001, DRAM bit 
shipments began to deviate significantly from the trend line that we have extrapolated from the 1990-2001 bit 
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shipment data. From 2001 through mid 2008, DRAM bit shipment growth remained significantly below the 
77% per year rate of the decade of the 1990s, running for much of the time in the 40-60% per year range, 


except for a dramatic increase in 2007, which may have been driven by the launch of Microsoft Vista (see 
Figure 47). 


Figure 47: DRAM Bit Shipments (Year-Over-Year Growth) 
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Source: Semiconductor Industry Association and Wachovia Capital Markets, LLC 


We think that the difference in DRAM bit growth rates before and after 2001 is associated with a subtle 
change in the PC market. PC unit growth has fallen a little, to 10-20% in 2003-07 from 15-25% per year in 
1990-2000, but this does not account for the large difference in the DRAM growth rate. We think that the 
change has more to do with the fact that there are now different drivers for computer improvement than there 
were in the 1990s. In the 1990s, we believe that the two primary drivers of computer performance were the 
speed of the microprocessor and the amount of memory the PC contained. Both of these factors still affect 
computer performance today, but we believe that there are now other factors that computer buyers look for. 
One example is mobility, that is, the high growth rate of notebooks. This has been facilitated by the 
widespread availability of wireless LAN and the falling price of notebook computers. Notebook computers 
generally have comparable DRAM, or slightly less, to desktops. Nevertheless, a steady increase in memory 
content is still an important driver of PC performance (as can be seen by the fact the bit growth is still high, in 
absolute terms). Over the next 2-3 years, one thing that we think could slow that rate of DRAM bit shipment 
growth is the fact that PCs using a 32-bit operating system can use only a maximum of about 4GB of 


memory. An explanation of this 4GB ceiling is provided in the “Selected Technology Topics” section, which 
follows. 


If we are correct in our belief that the bit growth rate for DRAM has permanently slowed, then this has 
important implications for the DRAM segment. As we discuss next, DRAM price per bit is related to cost per 
bit, which is driven down steadily by technology improvements. We believe that the long-term trend of a 
35% per year drop in price per bit applies today just as much as it did in the 1990s. A 77% per year bit 
growth rate, matched by a 35% per year price per bit drop, results in 15% revenue growth per year: 


1.77*(1-0.35) =1.15 


This is the growth of DRAM sales for the 1990s (in our growth table of Figure 35, we quote a 16% CAGR, 
essentially the same number). If we drop our growth rate expectation to, say, 50% per year, but reckon that 
price per bit will continue to fall at 35% per year, this leads to a sales expectation of a 2% per year decline: 


1.50*(1-0.35) =0.98 
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This suggests a somewhat bleak outlook for the DRAM industry. However, over the past few years we have 
seen the rise of the NAND flash segment. Many DRAM makers also make NAND flash, and with the 
similarity between the manufacturing processors to make both types of memory, it is possible to use the same 
manufacturing facilities. Hence, to determine the growth potential for memory makers, we think the 
appropriate parameter to look at is not DRAM bit growth potential, but DRAM+NAND bit growth potential. 
Our view is that over the next few years, the high growth potential of NAND may indeed drive 
DRAM+NAND bit growth up, but not necessarily as high as the 77% per year level that was characteristic of 
DRAM in the 1990s. 


Figure 48 shows how DRAM price per bit has dropped over time. We have plotted price per bit, calculated 
from total DRAM sales divided by total bit shipments. This aggregates DRAM prices over many different 
densities of chips (1.e., today the average price per bit is calculated from sales of several different sizes of 
memory: 1Gb, 512MB, 256MB, 128MB... etc.). Lower-density chips tend to have a higher price per bit than 
the higher-density chips (there is less demand and hence, less pricing elasticity for older, legacy chips, and for 
these chips, the somewhat fixed packaging and test costs are a higher proportion of total chip cost). And so, 
the data of this graph tend to reflect a price per bit that is a little higher than the price per bit of the high- 
density volume runner at any given time. We have also drawn a trend line on the graph. 


It can be seen that actual price per bit can often deviate significantly from the longer-term trend, but 
invariably seems to return to the trend line. We think the reason is that the trend line in fact approximates the 
cost per bit of making DRAM. Over time, transitions to smaller line widths allow memory makers to reduce 
the size of each memory cell, packing more memory into the same silicon area. Since manufacturing cost is 
proportional to silicon area used, this reduces price per bit. Line-width transitions have occurred at a steady 
pace in the industry, with a transition to a smaller line width every two years or so, leading to a steady drop in 
cost per bit. Although each line-width transition brings with it new technology challenges, we see no reason 
to expect, at least in the near future, any slowing in the rate at which the semiconductor industry will be able 
to reduce line widths and hence, memory cost per bit. Therefore, we expect DRAM memory price per bit to 
continue to track to a trend of declining 35% per year. 


We have made the case that for the future, we should really be focusing on the dynamics of the 
DRAM+NAND segment rather than DRAM alone, since many DRAM makers also make NAND flash, and 
slowing DRAM bit growth will possibly lead to a declining DRAM aggregate sales number. We think that 
the higher bit growth potential for NAND could help the aggregate DRAM+NAND bit growth. The cost 
dynamics of NAND are in one sense very similar to that of DRAM, and so it might be expected that the trend 
of NAND cost per bit and price per bit declines will match the 35% per year trend for DRAM. However, as 
we discuss in the NAND section, there is an additional technology factor associated with NAND, which is the 
transition from single-level cell (SLC) to multilevel cell (MLC). This could drive the trend of NAND cost per 
bit and price per bit to declines that are larger than 35% per year. If this does happen, the sales growth 
potential for the DRAM+NAND segment could be significantly lower than the 15-16% CAGR shown by the 
DRAM segment from 1990 to 2000. 
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Figure 48. DRAM Price Per Megabit 
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Figure 49 and Figure 50 show DRAM price data. DRAM can be bought on contract, in which prices are 
negotiated in advance, twice per month, or on the spot market, which offers a constantly changing price. The 
bulk of DRAM is sold on contract, but the spot market is often thought to be a leading indicator of contract 
pricing. 

PCs represent the biggest end market for DRAM, and generally, PCs require high-density chips (chips with 
the maximum amount of memory). Therefore, at any given time, it is one of the higher-density memories that 
is the volume runner for the DRAM industry. As time passes, the DRAM industry transitions to higher and 
higher densities. In the pricing figures we have plotted are the prices of the volume runners: 256 Mb chips 
from 2002-04, 512 Mb chips from 2004-07, and 1Gb chips ramping in volume currently. Also, DRAM circuit 
technologies change with time. Over the past few years, DDR (double data rate) DRAM, and then DDR2 
DRAM began to become mainstream. DDR is a circuit design that allows the memory to do operations twice 
in a clock cycle rather than just once, doubling the number of calculations that the memory can achieve in any 
given time. DDR2 is a type of DDR memory that operates at higher frequencies and is the main type of 


memory in use today. Over the next few years the DRAM industry will probably transition to DDR3 
memory. 


DRAM is sold on the spot market and also by contract directly from the DRAM manufacturers to systems 


makers. We believe that the bulk of DRAM is sold on contract. We estimate that Micron typically sells 
70-90% of its DRAM in any quarter on contract. 


Contract prices are usually renegotiated by the DRAM makers either once or twice per month. Micron 
renegotiates its contract prices twice per month (as do most DRAM makers, we believe), once at the 


beginning of the month and once mid month. Currently, the DRAM spot price is close to $1.50 for a 1Gb 
chip. 
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Figure 49. DRAM Spot Pricing 
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Figure 50. DRAM Contract Pricing 
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Source: DRAMeXchange, ICIS-LOR Micron, and Wachovia Capital Markets, LLC 


Although the bulk of DRAM is sold on contract, the financial community generally looks to spot price as a 
leading indicator of contract price. We agree with this view. Spot prices can change rapidly, and can swing a 
fair amount even within the span of a day. Many DRAM data sources available to financial analysis update 
their spot price data on a daily basis. On the other hand, contract prices are typically renegotiated twice per 
month, and even at the points of renegotiation tend to move less than spot prices in the two weeks. 


Flash memory. Flash memory is probably the most important type of nonvolatile memory from an investor 
point of view. There are two types of Flash memory: 


(1) NAND flash. NAND flash is often used in consumer applications for the storage of large amounts of 


digital data. Digital cameras, iPods, and USB computer drives are important end markets for NAND 
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flash. The use of Flash-based solid state drives (SSDs) instead of hard-disk drives in notebook computers 
is likely to be an important emerging application for NAND flash over the next few years. (See our 
discussion in the Selected Technology Topics section, which follows.) 


(2) NOR flash. NOR flash has slightly better performance characteristics than NAND flash, but also a 
higher cost. NOR flash is used in applications like cell phones. 


From a circuit point of view, NOR flash differs from NAND flash because it is random access, which means 
that information in any cell can be looked at, at any point in time. Therefore, there must be a connection (a bit 
line contact) to every memory cell, increasing the size of the cell. NAND flash is serial access; a whole row 
of cells must be read, one after another. This reduces the size of the NAND flash cell (no need to have a bit 
line contact per cell) reducing the cost. However, it also reduces the speed of the NAND flash, as well as 
increasing the error potential; if something goes wrong with one cell it can become impossible to get 
information in and out of a whole row. 


NAND Flash. Figure 51 shows the top NAND market players for 2007. Samsung holds roughly 42% revenue 
share, followed by Toshiba and Hynix, with 28% and 17% share, respectively. From a technology point of 
view, the equipment needed to make NAND flash is similar to the equipment needed for DRAM 
manufacturing, and so, NAND capacity is fungible with DRAM. As a result, the largest NAND makers tend 
to also be large DRAM producers, as well. 


e Samsung and Toshiba have been significant manufacturers of NAND for some time. 


e Micron has been involved in manufacturing NAND flash for many years at a relatively low level. In 
early 2006, Micron and Intel formed a joint venture, Intel-Micron Flash Technology (IMFT), which 
invested substantial capital in increasing NAND flash capacity. 


Figure 51. NAND Market Share (2007) 


Hynix 
17% Micron+Intel 


9% STMicroelectronics 


ye ° 2% 
So 
fo Renesas 
. 2% 
ect Qimonda 
» <1% 
Others : 
<1% 


Samsung 
42% 


Source: iSuppli and Wachovia Capital Markets, LLC 


NAND flash is often viewed by investors as an emerging area that promises huge growth. Many memory 
companies have been investing substantial capital in expanding NAND flash capacity in recent years. 
As the growth of DRAM slows, NAND flash has the potential of helping memory makers keep growth up. 


Figures 49 and 50 show DRAM and DRAM plus NAND revenue growth. Despite the large growth potential 
for NAND, large yr/yr NAND pricing declines have pressured revenue growth in the NAND segment. 
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Figure 52: DRAM Revenue And DRAM Plus NAND Revenue (Year-Over-Year Growth) 
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Figure 53 shows pricing for NAND. NAND flash can either be SLC or MLC. Semiconductor memory is 
designed to store a 1 or a 0 ina tiny bit of circuitry called a memory cell. For DRAM, each cell can store just 
a single | or 0. NAND flash can be designed as a single-level cell (just one | or 0) or a multilevel cell (two Is 
or 0s; i.e., 11, 10, 01 or 11) per memory cell. The cell sizes of an SLC chip are the same as for an MLC chip. 
Therefore, an MLC chip can store twice as much information as a similar-sized SLC chip, for the same 
manufacturing cost, or, looking at it in another way, the cost of making a fixed amount of memory (e.g., 8Gb) 
in an MLC chip is about half of what it would cost to make the same amount of memory in an SLC chip. This 
is why SLC prices are higher than MLC prices. However, since the additional storage in an MLC cell is 
achieved by using finer voltage divisions to decide what the stored information is, MLC chips have a lower 


reliability (sometimes they remember things incorrectly) than SLC chips and so SLC NAND is still used in 
some applications. 


Figure 53: NAND Spot Pricing 
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Over the next few years, we expect an ongoing shift from SLC to MLC. As we mentioned in our discussion 
on DRAM, without this SLC to MLC shift, the cost per bit and price per bit for NAND might be expected to 
follow the same trend as for DRAM: a 35% per year decline. The cost per bit for an MLC chip is half that of 
an SLC chip (assuming a 2-level MLC technology). Therefore, an ongoing transition to MLC could drive cost 
per bit and price per bit for NAND down at a rate higher than 35% per year over time. We view this as a risk 
for memory makers. Despite the high bit growth potential of NAND, lower DRAM bit growth and higher 
NAND price declines could, we think, result in sales growth of the DRAM+NAND segment showing a future 
trend that is far below the 15-16% CAGR of 1990-2000. 


NOR flash. Figure 54 shows 2007 market share for NOR flash. In 2007, Spansion was the world’s largest 
market of NOR flash. Intel and ST Micro entered into an arrangement to spin off their respective NOR flash 
operations into a joint venture called Numonyx, which was completed at the end of the March 2008 quarter. 


Figure 54. NOR Market Share (2007) 
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Intel and ST Microelectronics have combined their NOR flash operations into a new company, Numonyx. 
Source: Gartner Dataquest, Wachovia Capital Markets, LLC 


NOR flash is used primarily in cell phones for code storage (storing the essential information related to the 
phone protocol necessary for the phone to work, as opposed to data storage, that is, the information that the 
user generates). NOR appears to have limited growth prospects and has shrunk to a total sales level that is 
about half that of NAND flash. 


Analog 
Analog chips are generally broken out into two main segments: 


(1) Standard analog chips, which are generic products sold through distribution, and 


(2) Application-specific analog products, which often combine both analog and digital capability (mixed- 
signal analog chips). 


The standard analog segment has some very good business characteristics: 


e Low capital requirements for manufacturing. The use of cutting-edge technology generally does not 
improve the performance of standard analog chips in the way that it improves the performance of logic 
chips. Making things smaller (which is what advanced technology facilitates) helps logic chips because it 
helps them to work faster and do more things at the same time (packing more transistors in the same 
space). The performance of most standard analog chips, though, is not so much related to speed or doing 
many things, but in accurately measuring or reproducing the desired electrical shape. Since analog chips 
do not need to use the latest technology, in general, the cost of the manufacturing equipment to make 
analog chips is much lower than the cost of manufacturing equipment to make advanced logic chips. 
Many of the larger analog companies do make their own chips, but they still have relatively low capital 
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expenses versus logic companies, which make their own chips. For example, AMD, which makes its own 
microprocessors (advanced logic chips), had capital expenditure (capex) of $1.7 billion in 2007, while 
Analog Devices, which makes its own analog chips, spent $140 million in capex in its October 2007 
fiscal year. ADI’s revenues during this period were a little less than half of AMD’s revenues. This 
example is not an exact one in that a fair portion of AMD’s chips, its graphics chips, are not made by 
AMD, but by a foundry, and ADI has outsource a small portion of its manufacturing, too. But the 
numbers do, we think, accurately reflect the difference in the cost of advance logic versus analog 
manufacturing cost. 


e Long product lifetimes. In part because the performance of analog products is not dependent on rapidly 
changing technology, most standard analog chips have long lifetimes, stretching from years to more than 
a decade. In principle, this should result in a good return on circuit design costs (R&D). 


e Broad base of applications and customers. Many standard analog products have generic functions; 
they are not specific to a given standard or application. For this reason, most analog companies have a 
broad base of served end markets and customers. 


This various considerations result in the potential for the following: 
e High, stable profit margins 
e Low capital requirements 


e Relatively little advantage from scaling in size; it appears that both large and small analog companies can 
co-exist and flourish 


e Relatively little concentration of market or customer risk. Standard analog companies rarely have many, 
if any, greater than 10% customers, and usually sell there products into multiple end markets. 


There is however one notable risk for analog companies. Because of their breadth of applications and 
customers, often a high percent of their revenue is sold through distribution. Some analog companies 
recognize revenue on sell-in to distribution rather than sell-through. This can periodically result in excess 
inventory building up in distribution, which can affect revenues when the distributors take action to reduce 
inventory. 


In 2007, the top standard analog market-share leader by revenue was Texas Instruments, with a 5% share, 
followed by Analog Devices, with an 11% share. National Semiconductor and Maxim had a 9% share each, 
while Linear was in fifth place with a 6% market share. (See Figure 55.) 


Figure 55. Standard Analog Market Share (2007) 
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Application-specific analog businesses often have quite different characteristics from the standard analog 
businesses. Some application-specific analog chips are often mixed-signal chips (combining analog and 
digital logic functions), and for such chips there can be a need to use advance manufacturing technology. And 
some application-specific analog companies do not do their own manufacturing, but instead, use chip 
foundries. Also, there is often a higher customer and end-market concentration for any given application- 
specific product line, which can lead to pricing pressures. Lifetimes of applications-specific products are 
often a lot shorter than those of standard analog products. (See Figure 56, as it shows the end-market 
distribution for the application-specific analog segment; there are five main markets, the largest of which is 
communication applications, with more than 40% market share based on revenue.) Investors often think of 
applications-specific analog companies not so much as “analog,” but more in terms of the end markets they 
serve, such as “communications chip companies” or “consumer chip companies.” 


Figure 56. Application-Specific Analog End Markets (2007) 
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Source: Semiconductor Industry Association, Wachovia Capital Markets, LLC estimates 


Analog sales, on a yr/yr basis, have generally trended in line with overall IC sales growth over the past ten 
years (see Figure 57). 


Figure 57. IC And Analog Sales (Year-Over-Year Growth) 
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Programmable logic devices (PLD). Although PLDs are not a particularly large part of semiconductors as a 
whole (on the order of 1-2% of the entire semiconductor market), we discuss them briefly here because there 
are two stocks, Xilinx and Altera, that are important to many U.S. semiconductor investors. 


PLDs are generic chips that can be programmed to do a certain function. There are two main types of PLDs: 
field-programmable gate arrays (FPGA) and complex programmable logic devices (CPLD). CPLDs are 
generally smaller and less expensive than FPGAs, and have relatively low growth as a market, while FPGAs 
account for the bulk of the PLD market and for its growth. 


Engineers of electronic systems often have to choose between programming a PLD to do what they want, and 
having a custom-designed chip do the task. Figure 58 illustrates why PLDs are often used for relatively low 
volume or prototyping applications. There is a substantial up-front cost in designing and making them, 
including the manpower needed for the design and also, the manufacturing costs (e.g., the cost of creating the 
“masks,” which contain the patterns that make up the circuit). For the user of a PLD, there is relatively little 
up-front cost (there is the engineering cost of programming and testing out the program of the PLD). 
However, since the PLD is not optimized for the particular application, there is often a fair amount of unused 
circuitry on the PLD once it is programmed. Therefore, an ASIC can usually be designed with lower cost for 
each incremental chip than it would cost using a PLD. Thus, the ASIC cost line starts at a fairly large value 
even at the zero chip mark (a high up-front cost for ASIC), but the slope of the line is shallower than the 
slope of the PLD line (lower incremental cost for each extra ASIC chip.) For small volume, it is less 
expensive (and takes less time to begin with) to use PLDs. For high-volume applications, it often makes 
economic sense to design an ASIC. Sometimes PLDs are used initially for systems when they are in the 
design and low-volume stage, with ASICs being swapped in when the products move into high volume as a 
cost-reduction measure. 


Figure 58. PLD’s Have A Cost Advantage For Low-Volume Applications 
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Source: Wachovia Capital Markets, LLC 


Figure 59 shows PLD sales by end market for Xilinx and Altera for full year 2007. Communications 
represents the largest end market for PLDs at 42% of the total followed by industrial with 33%. Consumer 
and computer and storage categories represent roughly 16% and 9%, respectively. 
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Figure 59. PLD End Markets (2007) 
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In Figure 60, the top PLD market-share leaders in 2007 were Xilinx and Altera, with 51% and 34% revenue 


share, respectively. Other leaders in the PLD segment include Lattice and Actel, with 6% share each, 
followed by Cypress and QuickLogic, with 1% share each. 


Figure 60. PLD Market Share (2007) 
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Selected Technology Topics 


Semiconductor Wafers And Chips 


A semiconductor wafer is a silvery-grey disk, about half a millimeter thick, and typically 8 inches (200mm) 
or 12 inches (300mm) in diameter (see Figure 61). Integrated circuits are made by building up patterned 
layers on the surface of this wafer. Each circuit is rectangular, a few millimeters to at most a centimeter 
long/wide. Therefore, many copies of the same circuit (hundreds to thousands) can be made on a wafer. 
Typically a circuit is made up of 15-30 separate patterns (called mask layers), and the processing of the wafer 
requires several hundred separate steps. The fabrication of a wafer typically takes about 12-13 weeks, largely 
because the wafer is sitting around in the fab much of the time waiting for a machine to become free 
(maximum use of machines is achieved when there are always lots of wafers waiting to be processed, so that 
the machine can run all the time without having to wait for a wafer to need processing). When the wafer is 
fully processed, it is sawed up (using a circular saw) to separate each circuit. The individual rectangles are 
then called die, or chips. 


Some companies keep some of their inventory in a “die bank.” It takes about 12-13 weeks to manufacture a 
wafer, and about two weeks (plus additional cost) to do the testing and packaging of the chips. Keeping 
inventory in a die bank refers to halting the manufacturing after the wafer is fully processed and keeping the 
wafers in inventory (keeping the chips in die form) rather than slicing up the wafers and packaging the 
individual chips to make fully packaged parts. This saves the cost of testing and packaging until the chips are 
actually needed. It also increases flexibility of the inventory because some different product options use the 
same chip with differences in the way the chip is connected to the package or the choice of package type. 


Figure 61. Photograph Of A Semiconductor Wafer 


Source: Jupiter Images, Wachovia Capital Markets 


Manufacturing Transitions -- Line Width And Wafer Size 


Wafer size is usually quoted as the diameter of the wafer (1.e., a 300mm wafer has a diameter that is 300mm). 
Prior to 2004, MOS wafers were 200mm wafers or smaller (see Figure 62). It was not until 2004 that 300mm 
wafers hit the market in any real volume. The 200mm wafers have accounted for more than half of total 
semiconductor capacity from 2003 through 2007, with the crossover of 300mm accounting for more capacity 
than 200mm occurring in 2008. 


The data of Figure 62 are presented in “200mm equivalent” wafers, rather than in absolute numbers of 
wafers. A 300mm wafer makes up 2.25x the area of a 200mm wafer (the square of the ratio of the diameters), 
so more than 2x the number of chips can be made on a 300mm wafer. When comparing capacity of different 
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wafer sizes, the numbers are often expressed in equivalents of a specific size. One 300mm wafer counts as 
2.25 200mm wafer equivalents, and so the height of the various bars in Figure 62 represents the relative 
number of chips than can be manufactured using the available capacity of each wafer size. Capacity and 
output are generally measured in wafer starts per week (the number of wafers that processing is started on in 
any given week) or wafer outs per week (the number of wafers that processing is completed on in any given 
week. (Sometimes DRAM companies describe their capacity in terms of wafer starts per month.) 


The microprocessor makers (Intel and AMD) have fully transitioned to 300mm. Memory makers benefit from 
the lower cost of manufacturing chips on larger wafers and so many of the major memory manufacturing are 
in various stages of transition to 300mm production. Analog companies tend to use older technology and 


many analog companies are still making chips on 200mm wafers or even small wafers. 
O< 200 mm 
200 mm 
300 mm 
g 
a 
oO 


Line width is the minimum size of a circuit shape that can be made (i.e., how thin a line can be made). Being 
able to make smaller shapes allows a designer to make chips smaller or to pack more circuitry into the same 
area. In the past, line width was measured in microns (um=millions of a meter. Line width is currently 
measured in nanometers; nm=billionths of a meter). Intel is currently transitioning to line widths of 45nm, 
while other leading-edge semiconductor circuitry is designed in 65nm technology. Many advanced 
semiconductor companies design circuits in 65nm and 90nm technology. The semiconductor industry at large 
tends to develop technologies at specific line-width levels or nodes (i.e., 45nm, 65nm, 90mn, but not 81nm or 
82nm, or 83nm.) Memory manufactures often make half steps in reducing line width (i.e., 90nm going to 
78nm first before making the full step to 65nm). 


Figure 62. MOS Wafer Capacity By Wafer Size 
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Intel has a practice of trying to move to a smaller line width every two years. The rest of the semiconductor 
industry moves down to smaller line widths in a similar fashion, but Intel tends to lead the rest of the industry 
by a year or two. Figure 63 shows worldwide semiconductor production by line width. At any given time 
there is a very broad spread of different technologies in use. Although Intel is currently transitioning to 45nm 
technology, only half of all semiconductor manufacturing is done on technologies of 0.12 um (120 nm) or 
less (i.e., only half of semiconductor manufacturing is done on the three line width generations: 45nm, 65nm 
and 90nm). 
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Figure 63. MOS Wafer Capacity By Line Width 
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Calculating The Number Of Circuits Of A Wafer (Die Per Wafer) 


It costs a fixed amount to process a certain wafer. The smaller the die, the more die on the wafer (therefore, 
the less expensive each die is to make). The cost of wafer manufacturing includes not only the cost of a 
semiconductor chip, but also the cost of testing (making sure a chip works correctly) and packaging 
(enclosing the chip in plastic and creating connections so that it can be plugged into an electronic product). 
Packaging and testing can cost a few cents to more than a dollar, depending on the complexity of the chip. 
Therefore, for less expensive chips, which sell for tens of cents or a dollar or two, the package and testing 
costs can make up a significant portion of the total manufacturing costs. For more expensive chips (usually 
larger chips), which sell for tens of dollars to hundreds of dollars, the wafer manufacturing costs tend to be 
far larger than the package and test costs. In such cases, the number of chips on a wafer (the die per wafer) 


becomes an important factor in figuring out the cost of making the chips. 


The following are examples: 


O MOS>=0.74m 

@ MOS<0.7pm to >=0.4um 
@ MOS<0.4pm 
OMOS<0.4um to >=0.3nm 
@ MOS<0.3pm 

@ MOS<0.3um to >=0.2nm 
@ MOS<0.2pm 
OMOS<0.2um to >=0.16nm 
OMOS<0.16um 

@ MOS<0.16um to >=0.12nm 
O MOS< 0.12um 

O MOS<0.12nm to >=0.08um 


B MOS< 0.08um 


e An Intel Penryn 6MB microprocessor has a die area of 107 mm? (a little bigger than a square that is 10 


mm x 10 mm, or lcm x Icm, the size of a thumbnail). 


e The area of a 300mm wafer (12 inch wafer) is 3.14x150x150 mm2 = 70,695 mm2. 


e Dividing 70,695 by 107 gives us our first estimate of 661 die per wafer. 


e However, as can be seen in Figure 61, since the chips are rectangular and the wafer is round, not all the 
area around the edge is used and some of the chips on the edge are no good because they are not full 
rectangles (the wafer of Figure 61 is not in fact an Intel wafer containing Penryn die, but the same would 
be true for an Intel wafer). There might be perhaps 630 full-sized Penryn chips (our estimate) on a wafer. 


e Not all these chips will be good chips; some might not work properly. The number of good chips is the 


number of chips printed on the wafer, multiplied by the “yield.” 
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Transistors -- What They Are And Some Technical Terms 


Figure 64. Transistor 
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Figure 64 shows a schematic of a transistor, which is one of the basic building blocks of an integrated circuit. 
Integrated circuits are for the most part chips of silicon on which lots of transistors are fabricated, connected 
by metal lines also made on the silicon chip. What we have shown in the diagram is an MOS transistor. This 
is made up of a gate, which is separated from the silicon below by very thin gate oxide, which separates a 
source and a drain. MOS stands for Metal-Oxide-Semiconductor, which is a reference to the gate (metal; see 
discussion on metal gates, which follows) sitting on top of an oxide, which sits on top of the semiconductor 
(silicon). (It turns out though, despite the term MOS, for the past 30 years, most semiconductor technologies 
have not used metal to make the transistor gate.) 


A transistor is an on/off switch. If a certain voltage is put on the gate, current can flow from the source to the 
drain; the source and drain are electrically connected. If there is a different voltage on the gate, then current 
cannot flow and the source and drain are electrically disconnected. The gate of the transistor is typically the 
narrowest line that is used in all the patterns that make up an integrated circuit, and so the “line width” of any 
given semiconductor technology generally refers to the width of the lines used to make the transistor gates. 


There are two types of MOS transistor: NMOS and PMOS. An NMOS transistor can be connected to a 
PMOS transistor to make a complementary MOS (CMOS) gate. Today, the bulk of logic circuit design is 
done using CMOS. 


Metal Gate Transistors 

Despite the name “MOS” (metal-oxide-semiconductor), which implies that the transistor gate is made of 
metal, in fact for the past 20-30 years, most MOS transistors made in standard silicon technology have used 
silicon as the gate material. More recently, at is 45nm technology node, Intel transitioned to using metal gate 
transistors (though even the metal gate transistors apparently do not use a pure metal for the gate) and over 
the next few years we expect some of the other major companies to develop their own metal gate transistor 
technologies. 


Figure 65, transistor A, shows the current (65nm) transistor structure. 


e The silicon dioxide (the gate oxide) acts as an insulator to stop electrical current running from the gate to 
the transistor. 
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With each generation of technology, everything has been made smaller and the gate oxide had to get 
thinner so that the transistor body could electrically “see” the voltage on the gate.” At the 65nm 
nanometer, the gate oxide is, we believe, about 30 angstroms thick, which is about six atoms thick! 


At 45nm, the silicon dioxide would need to be so thin that it could not work well in blocking electric 
current and a “leakage current” could flow through the gate. The alternative is to not thin the gate 
dielectric as much as might normally be done with the scaling of the transistor. This would result in the 
transistor having insufficient drive current (the amount of current the transistor supplies when it is 
switched on), reducing the speed of the circuits. 


Also, the Source (S) and the Drain (D) are getting so close that a leakage current can flow from source to 
drain when the transistor is supposed to be turned “off.” 


Transistor B, shows the new metal gate transistor structure. 


The silicon dioxide has been replaced by a “high-k” material. The “k” value can be thought of as a 
number that describes electrical density. A high-k material can be thicker physically, but while looking 
like it is thin electrically to electric fields. Therefore, it can be made thicker than the silicon dioxide gate 
but still do the same job of letting the body of the transistor see the gate voltage clearly. 


Since the gate insulator is now thicker, this stops the leakage current flowing through the gate. The 
process engineers have a lot more flexibility in deciding exactly how to adjust the thickness of the gate 
insulator to get enough drive current out of the transistor to make the circuits fast. 


Using a different material instead of polysilicon results in benefits, too. In fact, although Intel and other 
semiconductor manufacturers refer to this new device as a metal gate transistor, we believe that the new 
gate material that Intel is using (and that other companies like IBM are trying to develop) is not, in fact, a 
pure metal, but a metal alloy (we believe that it is a metal silicide or metal silicate, which is a mixture of 
metal and silicon, and possibly, some other elements). There are two types of transistor used in a CMOS 
process, an “N” transistor (NMOS) and a “P” transistor (PMOS). The atomic properties (i.e., the work 
function) of the gate material (polysilicon or metal) affect how tightly the transistor can be turned “off” 
and how hard it can be turned “on.” If two different materials are chosen, one is optimal for the N 
transistor and the other is optimal for the P transistor. The result is that each transistor can be turned off 
more tightly (less source or drain leakage) and turned on harder (more drive current) than if a polysilicon 
gate had been used. 


Figure 65. Metal Gate Transistors 


Polysilicon Metal Gate 
Gate Transistor 
Transistor 


High-K gate oxide 


SiO2 gate oxide (Hafnium based) 


Leakage currents 


(A) (B) 


Source: Intel, AMD, and Wachovia Capital Markets, LLC 
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The 4GB DRAM ceiling 


We believe that one intermediate-term risk for the DRAM industry is the fact that computers using 32-bit 
operating systems are unable to make use of more than 4GB of memory. This puts an upper limit on the 
amount of memory that computer buyers are likely to want in their PCs until the use of 64-bit operating 
systems becomes widespread. Microsoft offers both 32-bit and 64-bit versions of Vista. However, we believe 
that the bulk of PCs will continue to ship with the 32-bit version of Vista for awhile since most software 
currently available will not run on a 64-bit operating system. HP’s website advises computer buyers that a 64- 
bit operating system is needed to take advantage of 4GB or more of memory, and that a 32-bit operating 
system recognized only up to 3GB of memory. 


The number of bits of an operating system refers to the number of Is and Os a computer uses in any 
instruction. One use of instructions is to locate the position of information in the computer’s memory. The 
total number of addresses that can be identified with any given number of bits (i.e., location No. 1, location 
No. 2 etc. in the DRAM chip) is two, raised to the power of the number of bits available (2x2x2x2... 
multiplying as many time as there are bits). 


For example, with two bits, 22 = 4 locations can be referenced: 00, 01, 10, 11. In this simple example, in a 
2-bit operating system, it would only be possible to use 4 bytes of DRAM memory. If a microprocessor 
cannot identify an address, it cannot use that part of the DRAM. Even if a DRAM chip with 8 bytes of 
memory was part of the computer, a microprocessor with a 2-bit operating system can refer only to the 
addresses 1, 2, 3, and 4, and therefore cannot use the locations 5, 6, 7, or 8 in the DRAM. 


In a 32-bit operating system, the total number of bits of memory that can be used is 232, which happens to 
be 4,294,967,296. This is just a bit below 4.3 billion bits of memory, or 4.3 GB. However, in practice, there 
are often some other bits of memory the microprocessor has to get to in addition to the main DRAM. For 
example, the microprocessor needs to be able to access memory associated with the graphics processor if 
there is a discrete graphics processor in the PC. Therefore, with a 32-bit operating system, the maximum 
DRAM that can actually be used by the microprocessor is typically a little below 4GB. 


Solid State Drives (SSD) Versus Hard Disk Drives (HDD) 


The use of NAND flash to make solid state drives for computers, especially notebook computers, is an 
important future trend that we think will pick up momentum in H2 2009. The drives are termed “solid state” 
drives because an old term to describe semiconductor transistors is “solid state,” as opposed to vacuum tubes. 
SSDs, in principle, offer the following advantages over hard disk drives, which make them particularly 
interesting for notebook computers: 


e SSDs use less power, in part because there are no mechanical parts that use power. An HDD has one or 
more disks that rotate at high speeds. 


e SSDs are more robust and tolerant to movement. In an HDD there is a disk that rotates at high speeds 
with a magnetic head which has to position itself a tiny distance from the disk to read the magnetic 
signals. 


e SSDs can access data more quickly. Among other things this can improve the start-up time of a 
notebook. 


These advantages are particularly important for notebooks. However, for solid state drives to achieve 
widespread use in notebooks and in computers in general, they must have a cost that is close to that of a hard 
disk drive. As of the time of writing of this report, the cost to make a low capacity (a few GB) solid state 
drive is lower than that of a hard disk drive, but the cost of a medium- to high-capacity drive (several tens of 
GB to hundreds of GB) is higher than that of a hard disk drive. For this reason, SSDs are being offered in 
many low-cost notebooks and as an option in high-end notebooks, but have not become important in high- 
volume mainstream notebooks as yet. We think that the cost of SSDs could well drop to a level at which they 
begin to be included in a significant percentage of mainstream notebooks by H2 2009. 


The following are some simple calculations and considerations related to the cost of HDDs and SSDs 


(1) An HDD must have a magnetic platter (the hard disc) and a sophisticated read/write head etc., so there is 
a minimum cost, no matter how little memory is on it. Generally standardized hard disk drives are not 
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(2) 


(3) 


(4) 


(5) 


sold with just 1GB of memory on them, but if they were, their cost/price would probably be comparable 
to that of HDDs offering several tens of GB. It is only when a hard disk drive reaches very high 
capacities (100GB or more) that the cost of the hard disk drive goes up (see Figure 66). 


Unlike a hard disk drive, flash memory has a low starting cost, maybe a few dollars for the controller. 
The cost of any given amount of NAND flash scales fairly linearly with the amount of flash (though 
there is a somewhat fixed packaging and test cost for the chips.) (This is illustrated in Figure 66.) The 
cost/capacity graph for an SSD is roughly a straight line with a fairly small initial cost. Today 
(September 2008) the cost of 1GB of MLC NAND flash is about $1.60. Since 1GB = 8 Gb this $1.60 
price we have quoted we have quoted is the price of an 8 Gb chip. This price was about $5 early in 2007 
and rose to as high as $9 by mid-2007, then dropped through the end of 2007 and H1 2008. 


For PC storage applications, MLC (multi-level cell) flash is used rather than SLC (the single-level cell) 
flash, which is more expensive. MLC flash stores two bits of information per cell and SLC just one, so 
MLC flash is about half the cost of SLC flash. SLC flash is being used in enterprise-level drives, which 
need higher performance and reliability, but which can also command a higher price. 


Today many low-cost notebooks are made with solid state drives having capacities that range from 2GB 
to 20GB of NAND flash. The content of the NAND flash memory chips in a 2GB SSD is just a little 
above $3, which makes such a low-capacity SSD less expensive than a hard drive. 


A typical real notebook, though, might have perhaps 100GB of hard drive on it today. If we reckon that 
the transition to SSDs might begin to gather momentum in mainstream notebooks when the price of a 
64GB SSD is roughly the same as a 64GB HDD, it might perhaps be necessary for the 32GB of NAND 
memory content in the drive cost, we estimate, to be close to $30. At a price of $0.50 per GB, the cost of 
$64GB of NAND flash memory is $32. The price/bit for NAND flash might need to drop by about a 
factor of 3 from where it is today to hit the right cost structure for broader adoption of SSDs in 
mainstream notebooks. 


Figure 66. SSDs Versus HDDs 
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Source: Wachovia Capital Markets, LLC 
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Appendix A: Glossary 
A/D converter--see analog-to-digital converter. 


analog--something that processes information in the form of continuous voltage and current. A circuit can be 
analog or digital. A digital circuit thinks in terms of just a “1” or a “0”, whereas an analog circuit has to deal 
with everything in between (0.1, 0.15, 0.2 .... etc). Analog circuits have different requirements and 
sensitivities from digital circuits and so require different design and manufacturing techniques. Typically 
analog chip manufacturing does not require leading-edge equipment and so is less capital intensive than 
digital chip manufacturing. Both logic chips and memory are typically digital. 


analog-to-digital converter--data conversion chip that takes a continuous analog signal and converts it to a 
stream of digital numbers by making measurements of the height (voltage of the signal) at regular time 
intervals. 


ASIC--(Application Specific Integrated Circuit)--a custom-designed chip, as opposed to an off-the-shelf 
generic chip. 


ASSP--(Application Specific Standard Products)--a name for something that isn’t an ASIC — a standard 
product designed for a specific purpose. 


bit--see megabit 
byte--a byte is 8 bits. See megabit. 
capacitor--a device in electronic circuits that can store electric charge (electrons). 


capacity utilization--actual output of a semiconductor fab or group of fabs as a percent of what the fab is 
theoretically capable of. As a rule of thumb, we consider 90-100% capacity utilization as a healthy level of 
utilization. In principle, 100% is the maximum capacity utilization a fab or a company can achieve. TSMC 
has in the past quoted capacity utilization of as much as 110%. 


chip--a piece of semiconductor containing a circuit. Also called a die. 


clock, clock frequency--many chips are synchronous in operation, which means that a clock signal needs to 
be generated and all calculations or other operations in the circuit wait for the next beat of the clock before 
they happen. This makes sure that signals are transferred at the same time, avoiding errors that may occur as a 
result of one thing happening earlier than something else. The higher the clock frequency, the more things 
that can happen per second, and the more the chip can achieve. Typical clock frequencies are 100s of 
megahertz (hundreds of million times per second) or several gigahertz (several billion times per second). 


computing cloud--a network of large data centers and high-end servers which facilitate remote access to 
centrally located software programs via a suitable internet connection. The idea of a computing cloud is to 
spread an extremely large amount of computing power to a variety of users who individually lack the 
resources to acquire such a high volume of data. 


CMOS--“Complementary MOS.” A type of integrated circuit. Most digital semiconductor circuits are CMOS 
these days. A CMOS circuit uses two types of transistor, NMOS and PMOS. The predecessor to CMOS 
logic was NMOS logic. A circuit might also be bipolar rather than CMOS. And bipolar circuits are 
occasionally used for analog applications, but CMOS has also achieved widespread use even in analog. See 
definition of MOS. 


contract price, contract market--semiconductor memory can be bought on contract, in which prices are 
negotiated in advance, twice per month, or on the spot market, which offers a constantly changing price. The 
bulk of DRAM is sold on contract, but the spot market is often thought to be a leading indicator of contract 
pricing. 

CPU (central processing unit)--the brain of a computer, also known as a microprocessor. 

D/A converter--see digital-to-analog converter 


DDR, DDR2--DDR stands for double data rate. DDR and DDR2 are types of DRAM memory, in which 
operations can happen twice in a clock cycle (hence the term double). 
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data converter--a digital-to-analog or analog-to-digital chip. See digital-to-analog converter and analog-to- 
digital converter. 


die--a square of semiconductor (usually silicon) containing a circuit. 


die bank--this refers to chip companies sometimes choosing to keep their semiconductor inventory in the 
form of fully processed wafers rather than cutting up the wafers into chips and packaging them. 


die size--The size of a semiconductor chip. Semiconductor circuits are created on wafers of silicon, round 
discs 200mm or 300mm in diameter. An individual chip (die) can have a size ranging from a square or 
rectangle with a length/width anywhere from 1 mm to more than | cm. It is a fixed cost to process a wafer, 
and so the smaller the die, the more die there are on a wafer, which decreases the cost of each die. 


die per wafer--the number of chips that can be made on a single wafer. See “die size” definition. 


digital-to-analog converter--data conversion chip that takes a stream of numbers and makes them into a 
continuous signal. 


diode--one of the simplest types of semiconductor device that can be made. A diode allows electricity to flow 
in one direction but not the other. If the diode is made of the right type of semiconductor, when current flows 
through it, it will give off light. This is a light emitting diode (LED). 


discretes--A semiconductor product that is just a single device (e.g., a transistor) rather than an integrated 
circuit with many devices (up to hundreds of millions of transistors) all connected together on the same chip. 
Typically discretes are fairly inexpensive chips (priced in the range of cents to tens of cents.) The silicon cost 
of discretes is relatively low, packaging costs can be fairly significant. 


DRAM (dynamic random access memory)--a type of memory that is most commonly used as the main 
memory in a computer. DRAM is “volatile” memory, which means that it forgets what it is supposed to 
remember when the power is switched off, as opposed to “non-volatile” memory (flash memory is one type 
of non-volatile memory), which remembers its information even with the power off. See RAM. 


DSP (digital signal processors)--a chip that is designed to be particularly good at computations used in 
processing communications signals. 


equivalent wafers--see wafer equivalent. 
fab--a factory (fabrication facility) for processing semiconductor wafers to create semiconductor chips. 


fabless--refers to a company that does not have its own fab, but rather, outsources its chip production to a 
company with fabs (examples of fabless companies include Broadcom and Nvidia, while fab companies 
include AMD, Intel). 


floor capacity--the capacity a fab would have if it was filled completely with semiconductor manufacturing 
equipment. Often only part of a large fab is initially filled with equipment, and so installed capacity is less 
than floor capacity. 


foundry--typically a semiconductor manufacturer that makes chips for fabless companies. TSMC (Taiwan 
Semiconductor Manufacturing Corporation) is the world’s largest foundry, UMC (also in Taiwan) the second 
largest, and Chartered Semiconductor (Singapore) the third largest. 


frequency--see clock frequency. 

gigabit--A quantity of memory. 1000 megabits (actually 1024 megabits). See megabit. 
gigabyte--A quantity of memory. 1000 megabytes (actually 1024 megabytes). See megabit. 
gigahertz (GHz)--a billion times per second. See clock. 


hard disk drive (HDD)--the standard bulk memory device in a personal computer. Most computer contain 
DRAM for storing the information that the microprocessor needs immediately, when the computer is 
switched on, and bulk memory to store all the files permanently, even when the computer is switched off. In a 
hard disk drive the information is stored on one or more magnetic disks (hard disks). 


HDD--see hard disk drive 
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IC--See integrated circuit. 


integrated circuit (IC)--A silicon chip on which many (ranging from tens of transistors to hundreds of 
millions of transistors) are connected together, all on the same chip. See discretes for comparison. 


installed capacity--The manufacturing capability of the manufacturing equipment in a fab. This is sometimes 
less that floor capacity (see the definition of floor capacity). 


interface chips--Analog chips that provide the interface onto standardized communications signal lines; they 
are the chips responsible for driving the electrical voltages/currents down the lines. For example, in a 
computer, there would be some PCMCIA chips for driving signals down a PCMCIA bus. 


Linear--Another word for analog; see analog 


line width--A semiconductor circuit is made by creating a series of patterns in a number of semiconductor, 
insulator and metal films that are laid one on top of another. The narrowest width that can be used in a pattern 
is referred to as the line width. As technology develops, the line width drops, and so each feature can be made 
smaller, resulting in either smaller chips, or more typically, chips of the same size that contain more 
transistors and other devices on them. Today leading-edge semiconductor manufacturing is done on 65 
nanometer (nm) line widths (Intel is beginning to transition to 45nm technology), with a substantial 
percentage of worldwide semiconductor manufacturing in fact being done in line widths that are 90nm or 
larger. 


logic chip--a chip that thinks (can do computations or make decisions), as opposed to a memory chip (a chip 
that remembers) or an analog chip (a chip that deals with sending or receiving signals). Examples of logic 
chips include microprocessors, microcontrollers and programmable logic devices. 


megabit-- a bit refers to a single “1” or “0”. Memory size is measured in the number of bits (the number of 
separate 1s or Os) that a memory can store. A megabit is approximately a million bits. Because of the way 
memory locations are defined (as a string of 1s and Os), the amount of memory provided in a chip is not 
exactly a million bits for a megabit, but actually some number that is 2”. In fact, a megabit is 1,048,576 bits. 
The fact that the amount of memory is always defined as a power of two also explains the various choices of 
standard memory size (e.g., 256Mb, 512Mb etc.) 


megabyte-- A quantity of memory. 8 megabits make up a megabyte. See megabit. 
megahertz (MHz)--a million times per second. See clock. 


memory--a chip that remembers information. The two most common types of memory are DRAM (volatile 
memory) and flash (non-volatile memory). Memory chips tend to be commodity-like in their sales 
characteristics; prices change on a daily basis on the spot market and contract prices are generally 
renegotiated twice per month. The commodity-like nature of memory makes memory manufacturing very 
capital intensive, since leading-edge technology is needed to get the lowest costs (the smaller a chip can 
made, the less expensive it is.) Most of the major memory companies run their own fabs; there are relatively 
few fabless memory companies. 


memory cell--a piece of circuitry that makes up one unit of memory in a memory chip. 


microcontroller--a simple thinking chip--like a microprocessor but smaller and less smart. Electronic 
devices like washing machines have microcontrollers to do the simple thinking required to run themselves. 


microprocessor--a chip that is used as the thinking part of a computer. It is sometimes call a CPU or the 
central processor unit. 


MLC--see multi-level cell 


MOS (metal oxide semiconductor). This is a reference to a type of transistor (see definition of transistor 
below), the one that is most commonly used in integrated circuits today. The term MOS is misleading since 
almost all MOS transistors today are really silicon-oxide-silicon structures. Intel is transitioning to “metal- 
gate” transistors, but we believe that even with these new transistors the metal gate is not a pure metal. There 
are two types of MOS transistors: NMOS and PMOS. Together NMOS and PMOS transistors can be 
connected to create a CMOS (complementary MOS) circuit. See definition of CMOS above. 
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multilevel cell (MLC)--a NAND memory cell that can store more than one bit--a “1” and/or “0” at the same 
time. Today NAND MLC is invariably a two-level cell--two “1”’s and/or zeros stored in one cell: 00, 10, 01, 
or 11. 


nanometer--a billionth of a meter, denoted by the symbol nm. Semiconductor manufacturing technology is 
described by the smallest width of a line that can be created in that technology. Currently, the most advanced 
technology is 45nm. 


NAND flash--as opposed to NOR flash--NAND is a type of flash memory (non-volatile) that is used in non- 
volatile memory applications in which low cost and/or a large amount of memory is needed, typically 
consumer applications such as storage for digital cameras, music storage for iPods, and removable storage for 
computers. From a circuit point of view, NOR flash differs from NAND flash because it is random access, 
information in any cell can be looked at, at any point in time. Therefore, there must be a connection (a bit line 
contact) to every memory cell, increasing the size of the cell. NAND flash is serial access, a whole row of 
cells must be read, one after another. This reduces the size of the NAND flash cell (no need to have a bit line 
contact per cell) reducing the cost. However, it also reduces the speed of the NAND flash, as well as 
increasing the error potential; if something goes wrong with one cell it can become impossible to get 
information in and out of a whole row. 


Non-volatile memory--memory that retains its data when the power source is removed. 


NMOS--a type of MOS transistor (see definition of MOS above) in which the electrical current comes from 
the flow of electrons (negative charged particles, hence the “N” in NMOS). 


NOR flash--as opposed to NAND flash. NOR flash is used mainly for code storage in cell phones. From a 
circuit point of view, NOR flash differs from NAND flash because it is random access; information in any 
cell can be looked at, at any point in time. Therefore, there must be a connection (a bit line contact) to every 
memory cell, increasing the size of the cell. NAND flash is serial access; a whole row of cells must be read, 
one after another. This reduces the size of the NAND flash cell (no need to have a bit line contact per cell) 
reducing the cost. However, it also reduces the speed of the NAND flash as well as increases the error 
potential; if something goes wrong with one cell it can become impossible to get information in and out of a 
whole row. 


optoelectronics--a type of semiconductor chip/device, not an integrated circuit, that deals with converting 
light to electronic energy and vice versa. 


PLD (programmable logic device)--an integrated circuit that can be programmed to perform complex logic 
functions. 


PMOS--a type of MOS transistor (see definition of MOS above) in which the electrical current comes from 
the flow of positive charges (hence the “P” in PMOS). 


RAM (random access memory) -- a semiconductor memory in which the information can be retrieved in 
from any memory cell without looking through all the other memory cells. DRAM and SRAM are random 
access. NOR flash is random access, but NAND flash is serial access. Fora NAND memory, all the cells in a 
whole line (a row) must be looked at one after the other. 


Random Access Memory (RAM) — see RAM 


semiconductor--a material that is neither a good conductor nor a good insulator, but can exhibit both 
properties. The most commonly used semiconductor material is silicon. 


sensor--a chip/device that can sense heat, light, or pressure and generate a corresponding signal that can be 
measured or interpreted. 


single-level cell (SLC)--as opposed to a multilevel cell, a single-level cell is a NAND memory cell that can 
store just one memory bit (a | or a 0) at a time. 


SLC--see single level cell. 


Solid-state drive (SSD)--a form of computer memory, replacement for a hard disk drive, made of NAND 
flash memory. 
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spot price, spot market--semiconductor memory can be bought on contract, in which prices are negotiated 
in advance, twice per month, or on the spot market which offers a constantly changing price. The bulk of 
DRAM is sold on contract, but the spot market is often thought to be a leading indicator of contract pricing. 


SDRAM--synchronous DRAM, not to be confused with SRAM. A type of DRAM. SDRAM was used in the 
1990s, but in the past two years DDR has become the standard type of DRAM. 


SRAM (static random access memory)--type of volatile memory that is generally faster and more reliable 
than DRAM due to the fact that it does not have to be refreshed like DRAM. It is generally more expensive 
and is commonly used as cache memory in a computer. 


standard linear--standard analog chips for doing generic tasks (as opposed to applications-specific 
functions), general sold through catalogs. 


synchronous--many chips are synchronous in operation, which means that a clock signal needs to be 
generated and all calculations or other operations in the circuit wait for the next beat of the clock before they 
happen. This makes sure that signals are transferred at the same time, avoiding errors that may occur as a 
result of one thing happening earlier than something else. The higher the clock frequency, the more things 
that can happen per second, and the more the chip can achieve. Typical clock frequencies are 100s of 
megahertz (hundreds of million times per second) or several gigahertz (several billion times per second). 


transistor--a basic building block of integrated circuits generally working as a switch (turning on or off the 
flow of electrons) or as an amplifier (making a small voltage bigger). The term transistor comes from the 
concept of trans-resistance, being able to influence a current in one place by a current or a voltage in another 
place. The first transistors were not semiconductor transistors at all, but vacuum tubes. 


volatile memory--memory that loses its data when the power is turned off. 


wafer--a round semiconductor disk, about half a millimeter thick, most commonly with a diameter of 8 or 12 
inches, on which semiconductor circuitry is made. After a wafer has passed through the circuit fabrication 
process, it is cut up into squares, the semiconductor chips, each containing a circuit. 


wafer capacity--the rate at which semiconductor wafers can be processed in a semiconductor fab, typically 
described in wafer starts per week or wafer starts per month (how many wafers begin being processed in a 
week or month). 


wafer equivalent--Since the transition to different wafer sizes often takes place over the span of years, at any 
given point in time the semiconductor industry as a whole is doing its manufacturing on more than one size of 
wafer. A lot of manufacturing is done on 200mm (8 inch) and 300mm (12 inch) wafers, but there still remains 
some manufacturing on 6-inch and even some 5-,4- and 3-inch wafer processing. To normalize all these 
different wafer sizes, capacity numbers (and other things associated with wafers, such as, for example, prices 
charged per wafer by foundries) are often couched in “wafer equivalent” numbers. A 300mm wafer has 2.25x 
the area of a 200mm wafer, and hence, 2.25 more chips can be fabricated on such a wafer. Therefore, a 
300mm wafer counts as 2.25 200mm wafers when adding up wafer capacity. 


wafer starts, wafer output--semiconductor chip production can be measured in terms of wafer starts per 
week or wafer starts per month (how many wafers begin being processed in a week or month). An alternative 
measurement is wafer outs per week or wafer outs per month (how many wafers complete their process in a 
week or month.) Since it typically takes about 13 weeks to process a wafer, the time difference between wafer 
starts and wafer outs is about a quarter. 
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Appendix B: Semiconductor Companies 
(Figures In Millions Of Dollars, Except Per Share Data) 


PY Market Cap_[ Revenues [| ___Deseription [| ____ChipCategory sd 
[Company | Ticker | asoron7ms |_2007 [|__| 
Application specific analog spectalized Tosi 
Application specific analog, specialized Tog 
Application specific analog, microcontrollers 
faimonda Jor __]s___ 60534] 8 5.130000 | memory chips [DRAM_SSSCS 
Specialized Tote application specific analog 

Discretes, App. specific analog, microcontrollers etc. 
suarp____|Noviiseainus_[s aso0nf SSS [| SSCS C‘C*é~C~*' 
Sosa 
SILICONWARE ADR____J5PiL__[ $s _4.099.19 | § 150.87 | Packaging and testing of chips [____ 
SuNPowER srw _[s _0.506.09[8 77479 [solarchips _—=——S—SCS| SSCSSCSCSCSCSSSSC‘C™*’ 
testing and assembly 

Tellectual propery proweNson 

popes forod_[s 1055.90 [s a1 16 Broad J Application Spoctic (Diss and Analog 

Source: Company reports and Wachovia Capital Markets, LLC 
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Revenues Chip Category 
(Company 


EMTECH $ 890.23 284.79 analog and mixed-signal ICs 
MICREL analog, mixed-signal ICs 


RIDENT MICROSYS analog ICs 
DSP GROUP 
Optical components 
INTEGRAT SILICON SOL SRAM and DRAM memory chips 


OOKHAM EE 
22871 [Broad 
Browd 
communication networking, storage 
142.60 | communications and healthcare 


ERICOM SEMICONDUCT $ 362.94 | $ 123.37 | computing, comms, consumer Analog, digital, mixed signal Ics 
$ 998.18 156.41 
$ 785.96 | $ 134.00 
$ 88.40 127.81 
$ 186.21] $ 124.92 
$ 671.41 109.03 

61.82] $ 107.47 

23.35 105.98 
110.89 | $ 104.24 
180.65 91.14 
345.69 | $ 89.74 | power mgmt, comms, interface og, mixed-signal, & digital ICs 


PS |S 166.09 Broad 
UPERTEX UPX 
Broad 
VoIP sence 


ESS TECHNOLOGY ESST #N/A #N/A DVD decoder chips acquired by Imperium Partners Group LLC 
Source: Company reports and Wachovia Capital Markets, LLC 
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